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FholoKraph by (*. A. PhillipN 

CONN'ECTirUT AVENUE BRIDGE, WASHINGTON, D. C. 

An ornamental concrete bridge in which precast blocks are used in the arches for 
decorative effect. Length. IJ41 feet, width of roadway. 35 feet, width of 
each sidewalk. 7 feet. 11 inches. The spans are 170 feet between 
pier centers and reach a height of i is feet in places, includ- 
ing the foundation piers 
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INTEODUCTION 

It is said that when the Wrights brought the first 
heavier-than-air flying-machine to Washington for a 
trial flight, the newspaper reporters present, after ex- 
amining the machine, cheerfully offered to eat it if it 
could fly. There is no record that they made good on 
this offer, but we know that today the airplane has be- 
come so common in many localities as to cause but a 
small percentage of the population to turn their eyes 
skyward when the characteristic roar of the powerful 
engine announces that one of these man-made birds of 
flight is passing overhead. 

Similarly with most things about us today, familiar- 
ity has made us unappreciative. We give no con- 
sideration to the tedious and painstaking work without 
which things we now consider essential could not have 
been developed. A pair of eye-glasses is unfortunately 
so common an aid to human happiness and comfort 
that no one thinks of the tremendous care necessary 
to produce the lenses with accurate curve, to impart 
a high enduring polish, or indeed to manufacture the 
glass itself. There is little appreciation of the fact 
that there is a difference in glass, and this may be 
well illustrated by the intense interest displayed on the 
I)art of the public when the newspapers annoxmced 
the success of American scientists in overcoming difS- 
culties atttending the production of large quantities 



Digitized 



by Google 



xvi INTRODUCTION 

of less than a dozen needed varieties of optical glass 
during the war. 

And so illustrations might be chosen from nearly 
every form of human activity to emphasize how we 
have come to take as a matter of course great numbers 
of products that have resulted from long periods of 
development. We owe too much to cement to be satis- 
fied with a like condition, and in the following pages 
something of its development and history is given to 
remind those who use it of the work that cement and 
its products represent, and to leave the reader more 
appreciative of this modem construction material. 

Much of our admiration for the ancients comes from 
an appreciation of their success in handling stone. 
We admire the design of ancient structures ; the mass 
of many of them inspires awe ; the decoration, whether 
carved or in some other form, has frequently served 
as our pattern: but most of all we wonder at their 
powers in overcoming many grave engineering prob- 
lems. From an examination of such records as we 
can interpret, we have come to know that much of 
their building was possible only through a vast ex- 
penditure of human labor on a scale that with present 
conditions would be possible only under the necessities 
of war. 

The human race foxmd from experience that stone 
alone could be depended upon for permanence, and 
whenever it could be used the ancients employed this 
material in constructing their great monuments. Sub- 
stitutes, such as the day bricks used at Babylon, x>^r- . 
ished; and when the people became too indolent to 
undertake the difiSculties of construction involving any 
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massive stone structures, they degenerated into the 
use of materials easier to fabricate, and elaborate dec- 
oration took the place of permanence. For example, 
the great Temple of Diana of the Ephesians repre- 
sented a great expenditure of wealth; but it was built 
principally of wood, and, according to tradition, was 
fired by one who chose that method of perpetuating 
his name, but in punishment his name has been erased 
from history. 

We are now in a new stone age more wonderful be- 
cause ways have been developed whereby stone, natu- 
ral and artificial, may be used to the fullest extent and 
to the best advantage with the minimum expenditure 
of human labor. Engineering skill has provided 
mechanisms for cutting, engraving, and transporting 
such materials, making possible buildings quite out of 
the question otherwise. Added to this is the ability to 
form a stone-like material to meet a variety of special 
requirements. This has been achieved through a mas- 
tery of cement and the products possible by its use. 

In this book an attempt is made to present in every- 
day language the story of this cement, in the hope 
that it may be better appreciated, more thoroughly 
understood by the non-technical user, and used with a 
due regard not only for its excellent characteristics 
but for its necessary limitations. It must always be 
borne in mind that for satisfactory results one needs 
not only good materials but proper design and con- 
scientious workmanship. If any one of this trinity 
fails, then the structure itself may fail; but if the tri- 
angle is equilateral and all components good, then the 
builder can face the future with confidence. 
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THE NEW STONE AGE 



CHAPTER I 

HISTORIOAL 

Man has frequently been described as differing from 
other animals in his ability to constmct, although it 
may be recognized that many men lack the tenacity 
and energy and resistance to discouragement that have 
made the beaver famous. Many animals that are 
somewhat distinguished from others by their ability to 
put things together are quite obviously far below the 
ability of even our most primitive man, and the inter- 
esting work of Yerkes with monkeys is one illustration 
of that point. In his experiments monkeys were 
tempted by food to assemble the necessary number of 
unit boxes to enable them to reach the bait; but usu- 
ally they were unable to carry through the idea, even 
though they started to make the necessary pile. 

We do not know just when man began to put ma- 
terials together, but it must have been very early in 
his career. In some parts of the world we still have 
tribes that have remained virtually untouched by any 
civilization, and we have reason to believe that they 
very closely approximate primitive man. Where they 
find it necessary to put things together, vegetable 

8 
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4 THE NEW STONE AGE 

fibers and the tendrils of vines are often employed as 
ties. Frequently thongs made from the skins of ani- 
mals are used. 

Some merely pile up material, depending solely 
upon the weight of the component parts for stability. 
But at some time a man more observing than his fel- 
lows may have lifted a stick from the wet earth and 
noted how the clay clung to it. This may have led 
him to try day as a plastic material, using it as a 
binder, and more particularly to smear the wall of his 
hut, so that the wind and weather might be better 
excluded from his habitation, just as the Eskimo 
learned to throw water over his house built of ice 
blocks, thereby rendering it virtually air-tight. 

When the storms washed this clay from the struc- 
ture, it may have carried with it quantities of weath- 
ered fiber and splinters or twigs from the brush form- 
ing the framework. In replacing it, it was easier to 
re-use the clay washed to the base of the wall than 
to bring other material from a distance. By employ- 
ing this material we can conceive that gradually man 
came to use these various fibers in the clay, which 
acted as a binder, and this may perhaps have been 
the forerunner of the practice of using hair or similar 
materials in modem mortar and plaster. 

Meanwhile fire was doubtless discovered. It is diflS- 
cult to see how man could make substantial progress 
without fire, for in its ashes he probably found the 
first bits of metal that started him on his metallurgical 
career. How great must have been the advantage of 
the man who first added metals to his working tools 
over his fellows who still relied solely upon hard wood 
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and flint 1 He at once came into possession of supe- 
rior tools for offense and defense against the materials 
and forces of nature, including his own fellows. Fire 
must have led also to the discovery of glass and, as 
we shall see, to the first improvements in cementitious 
materials. 

John Mills, in his interesting work, ''The Realities 
of Modem Science,'' indicates ways in which man 
probably came to know fire and how he turned it to 
his advantage. To be sure, we have no record of how 
man first learned to keep fire alive, and it must have 
been many thousands of years before he discovered 
how to make a fire when wanted. Students have come 
to believe that man first saw fire in dry seasons when 
lightning may have started it, — ^just as it starts 
forest fires today, — and some one with abundant 
courage may have approached such a fire and retrieved 
a burning stick from the outer fringes, perhaps after 
the fire had been partly checked by a rain. He must 
have wondered why he could hold one end of the stick 
while the fire progressed at the other; but seeing him 
unharmed may easily have led others of his tribe to 
become more familiar with fire and to experiment with 
it 

In time they learned how to keep the fire going and, 
as Mr. Mills points out, this may have resulted from 
observing that the fire lasted longest where heaps of 
brush or large trees were involved; or he may have 
learned that wood is combustible through the accident 
of throwing a blazing brand into dry brush. We can 
appreciate that with a gradual familiarity with fire 
it may have become one of his most cherished posses- 



Digitized 



by Google 



6 THE NEW STONE AGE 

sions, to be carried with the tribe upon its wanderings 
and gradually put to use. His first taste of cooked 
meat may have come from finding a partly burned 
animal at the edge of a forest fire, and if he liked it 
he undoubtedly experimented, and eventually, perhaps 
after many years, developed primitive ways of cooking. 

It is little wonder that religious rites soon were de- 
veloped around fire as a deity, or at least that it was 
used by man to express his worship of some deity. 
In constructing altars upon which fire could be used, 
or perhaps in arranging stones around a fire to con- 
serve it, limestone came in contact with sufficient fire 
to produce burned lime. The lime thus calcined was 
crumbly, and it is easy to conceive how it might have 
been found that this material, when moistened, would 
harden. In this way the oldest cementations material, 
mud, was gradually displaced by lime. It was but 
natural to try mixing other substances with lime, and 
sand was found not only to cheapen the mortar, that 
is, to provide a larger quantity with less labor, but 
also to improve it. 

In the ordinary sand-lime mortar there is chemical 
action between the carbon dioxide of the air and the 
calcium hydroxide and the hardening of the mass must 
be preceded by a loss of water. The function of the 
sand in this mixture is to prevent undue shrinkage 
and the appearance of serious cracks as well as to give 
porosity, thus facilitating the action of the air. Such 
sand-lime mortar is, of course, older than history. It 
has been found that the pyramids were built with a 
mortar consisting of this burned lime, with which a 
Dartly burned gypsum or calcium sulphate was incor- 
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porated. Such mortar must have been used for manyi 
many centuries. 

In time the Romans learned how to mix volcanic 
ashes with the bnrned lime, and this material they 
f oond would harden or set under water. Obviously, 
until such a mortar was devised the wonderful aque- 
ducts and maritime structures for which the Romans 
were famous were impossible. They obtained their 
volcanic ash from a place called Puzzuoli, and in our 
day a cement called puzzolan, made upon the same 
principles, derives its name from this Roman work. 

It seems strange that this simple secret of mixing 
volcanic ash with burned lime to produce so good a 
cement should have become lost; but for ten centuries 
no one knew how to make the so-called Roman cement. 
There was no advance over ordinary cement or mortar 
until the last of the eighteenth century. That there 
may be no confusion as to the various kinds of ce- 
mentitious materials, it may be well to describe briefly 
the more important varieties. 

Common lime is produced from pure limestone by 
heating the latter until most of the carbon dioxide is 
driven from the calcium carbonate. When this ma- 
terial is moistened, it hardens by the loss of water; 
but it is non-hydraulic and is not water-resisting. 
Hydraulic lime is somewhat water-resisting and will 
set under water. It is made by burning an impure 
limestone at a low temperature, the impurity being 
clay. The next in the scale toward cement, as we 
know it, is the so-called natural cement, which results 
when the impure limestone, which nature has provided 
constituted of the right proportion of lime and clay 
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8 THE NEW STONE AGE 

for the purpose, is burned at a low temperature and 
the resulting material ground. These natural cements 
are hydraulic. Puzzolan was originally made from 
slaked lime and volcanic ash ; but, as made today, it is 
more customary to substitute ground blast-furnace 
slag for the volcanic ash. It is, of course, a hydraulic 
cement. Then, there is the so-called plaster of Paris, 
used as such or as an ingredient in cement; and this 
is produced by driving off approximately 75 per cent, 
of the combined water in gypsum and finely grinding 
the resulting material. Then we have Portland ce- 
ment, which does not slake but which is hydraulic 
when ground. As we shall see later, Portland cement 
may be made from a variety of materials. 

The modem cement industry may be said to have 
begun with the work of John Smeaton, who built the 
Eddystone Light. He undertook to develop a water- 
resisting mortar that would set under water. Many 
light-houses had been built at Eddystone, only to be 
disintegrated and battered to pieces by the waves ; and 
because of the dangerous locality, where many a ship 
was lost, Smeaton determined to erect a light-house 
that would endure at least to a far better degree than 
its predecessors. In his '^ Narrative of the Building 
of the Eddystone Light-house,*' he describes his ex- 
perience in seeking the desired mortar. By 1756 he 
had found that an impure clayey limestone gave him a 
mortar far superior to that commonly in use. How- 
ever, he had burned the mixture to but a low tempera- 
ture, and had not departed from the customary practice 
of using only that part of the resulting material which 
would slake with water, very much as the customary 
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mortar would do. His hydraulic lime thus prepared 
was the first distinct advance in many, many years, 
and awakened new interest in the development of 
better building materials. 

In 1796 John Parker patented what he called a 
Roman cement, because it was an effort to reproduce 
this material that led him to his discovery and made 
possible an approach to the durable maritime works 
that had been built a thousand years before. In his 
work Parker had used a calcareous material. In 1802 
in France, a similar cement was brought out, in which 
nodules of the same general composition were em- 
ployed. 

The next step in development was the work of one 
EMgar Dobbs, who in 1810 patented in England an 
artificial Roman cement which he prepared from lime 
and about 50 per cent, of clay. This he first formed 
into small briquets, and burned these just enough 
to expel the carbon dioxide, being careful not to carry 
the temperature to the vitrifying point. It is interest- 
ing to see by what gradual steps these early experi- 
menters advanced the art of cement-making from the 
first stages, which have been described, toward the 
process for cement production as we know it today, 
involving high temperatures. It is curious also, from 
our point of view, to see with what hesitation these 
inventors undertook to use that portion of their ma- 
terial which reached incipient fusion. They were also 
fortunate in finding ready mixed the lime and clay 
which we now know to be necessary to produce a satis- 
factory cement. 

Paisley in England and Vicat in Prance began inde- 
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pendently a series of experiments, using day and the 
chalk that is so abundant in those vicinities. It would 
seem that Vicat proceeded in a more systematic man- 
ner than his English contemporary, and made better 
use of the knowledge of the chemistry of the substances 
available for the type of cement that he sought. In 
England it appears that the work was more empirical, 
and therefore the chance of finding the proper sub- 
stances to be used and the best methods of combining 
them into cement was less favorable. 

In 1813 Vicat began the manufacture of an artifi- 
cial hydraulic cement in France, and in 1822 James 
Frost began producing a similar material in England. 
By 1824 Joseph Aspdin, of Leeds, England, had dis- 
covered that if the dust from limestone roads, or fail- 
ing that ground limestone, were mixed with day and 
burned at a higher temperature than his predecessors 
had employed, the resulting mass when ground would 
produce a material that hardened when mixed with 
water. Further, this cement had a yellowish-gray 
color when hard, producing a stone-like substance 
very similar in appearance to the building stone 
quarried at Portland, England. He gave it the name 
Portland cement; and it was really of the old Roman 
type, since his burning was not quite to the fusion 
point, which is one of the distinguishing features be- 
tween the two cements. 

The first large use of the new Portland cement was 
in connection with the building of the Thames Tunnel 
in 1828; but even that piece of engineering did not 
serve to establish it in the market. It was sold below 
the price of other mortars and cements until 1859, 
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when John Grant nsed it exdnsively in constracting 
the London Drainage CanaL By this time the prac- 
tice of bnming to fusion had been established, and, 
while there must have been a great lack of uniformity, 
for there was no scientific control either in propor- 
tioning the materials or in burning, grinding, and 
storage, the product gradually made headway. 

In 1852 the Germans had taken up the manufacture 
of Portland cement, and they were the first to apply 
science to its manufacture, with the result that they 
produced a considerably better product and momen- 
tarily obtained thereby an advantageous position. 
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IK AMEBIOA 

As in England, cement in America was brought to 
the forefront in the construction of a canaL The first 
cement produced here was a natural cement from a 
rock found near Chittenango, New York, by an engin- 
eer employed on the Erie Canal. This was in 1818, 
and application was made for twenty-year rights for 
the sole production of this natural cement. While this 
was denied, the discoverer was rewarded by a bonus of 
$20,000, and this cement was used in large amounts 
along the Erie Canal. 

Nearly all of the cement mills in those early days 
were to be found along the various canal projects that 
marked the first development of transportation facil- 
ities in our history; and this was natural, since the 
greatest market for cement was in their construction 
and the canals afforded the only economical means for 
transporting the product. 

Beginning in 1818, the increase in the number of 
mills was fairly rapid, especially in view of the circum- 
stances of those early days. Thus, in 1825, satisfac- 
tory rock was discovered in Ulster County, New York, 
followed in 1828 by a second mill in that county at 
Rosendale, which name is still applied to American 
natural cements. In 1829 cement rock was found near 
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Looisvilley Kentucky, where work was in progress npon 
the Louisville and Portland Canal. Ten years later, 
when the Chesapeake and Ohio Canal was in process 
of construction, another mill was established. 

The industry, in fact, may be traced with the devel- 
opment of the canal system. The Illinois and Michi- 
gan Canal led to the establishment of a mill in 1838. 
In 1848, in Virginia, a mill was put in operation near 
the James Eiver. The Lehigh Coal and Navigation 
Company began operations in Pennsylvania in 1850. 
Akron, New York, came into production in 1840. A 
mill at Fort Scott, Kansas, began to produce in 1868. 
Buffalo followed in 1874 and Milwaukee in 1875. 

All of these mills worked upon the natural cement 
rock, which varied greatly and must have led to diffi- 
culties in using so variable a product. The process 
was comparatively simple. The rock was broken into 
small pieces and dumped into small upright kilns, 
of masonry or brick, alternately with the fuel used to 
bum it. At first wood was employed, and the burning 
lasted for a week; but in a few years coal was substi- 
tuted. During the day the To6k was charged alter- 
nately with coal, and when the burned charge reached 
the base, it was drawn out. In the continuous coal- 
fired system the clinker was withdrawn daily. Later 
the kilns were constructed of iron plates and lined 
with fire-brick. Such kilns were approximately six- 
teen feet in diameter and forty-five feet in height. The 
clinker from these kilns was ground between burr- 
stones frequently turned by water-power. The pro- 
duct was screened and the coarse material returned 
to the mill. These burr milk were gradually supple- 
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mented with ball and other types of eflScient grinding 
machinery particularly soited to this type of cement 
clinker^ which is comparatively soft. 

The production of natural cements continues to this 
day^ and until 1899 increased in volume of production. 
That year the curve reached its maximum, the output 
being 9,868,179 barrels. Since that time the produc- 
tion has gradually decreased, although the total pro- 
duction of cement in the country has very gradually 
increased. 

Analyses of natural cements show the following typi- 
cal constitution: Rosendale cement — silica, 27.75; 
iron oxide and alumina, 9.78; magnesium oxide, 
21.18; calcium oxide, 35.61; carbon dioxide, 4.05; leav- 
ing calcium sulphate, water, and undetermined, 1.30. 
The natural cement from Utica gave silica, 35.43 ; iron 
oxide and alumina, 9.02 ; calcium oxide, 33.67 ; magne- 
sium oxide, 20.98. 

The natural cement from the Lehigh Valley gave 
silica, 18.28; iron oxide and alumina, 7.43; calcium 
oxide, 51.53; magnesium oxide, 2.07; potassium and 
sodium oxides, 1.50; carbon dioxide, 16.20; undeter- 
mined, 2.93. 

Portland cement was imported exclusively until the 
early seventies, when experiments were begun at 
Copcly, Pennsylvania, by D. 0. Saylor. His work was 
not commercially important until 1875, when the first 
Portland cement made its appearance and found its 
commercial way hard indeed, having to meet the compe- 
tition of the imported material, which then, as now, 
seems to have a certain charm for many Americans. 
Today practically no Portland cement is imported. 
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It is tme that the technique had not been so well 
developed and the materials nsed differed decidedly 
from those employed in England. A cement rock high 
in lime was nsed, together with ordinary cement rock, 
and it required many tedious trials to arrive at the 
right proportions. The kilns used were bottle-shaped 
and not of great size. Finally this cement won recog- 
nition through its use in two large engineering pro- 
jects — one of which was the Eads Bridge and the other 
the Drexel Building in Philadelphia. The original 
mill produced about 1700 barrels a year; it now turns 
out that much cement in an average day. 

In 1872 experiments were begun with a mixture of 
marl and clay found near Kalamazoo^ MichigaUi and 
for some time an excellent product was manufactured. 
Indeed, certain sidewalks made from that early cement 
are still giving satisfactory service and are reported 
to be in good condition. But the cost of producing ce- 
ment from these materials proved to be too high, and 
the mill ceased operations in 1882. 

Other mills that came into production in the same 
decade include one at Wampum, Pennsylvania, in 1875, 
limestone and clay being the raw materials; another 
in 1877 at South Bend, Indiana, working upon white 
marl and clay; and a third in 1879 at Rockport, Maine. 
Then in 1883 a small plant began at Egypt, Penn- 
sylvania, which is near Copely, the scene of Mr. Bay- 
lor's first experiments, and from that time on plants 
have been largely concentrated in the Lehigh Valley, 
where ideal raw material is to be found in a deposit 
of stone of varying depth, lying in a wide strip ex- 
tending for many miles in that valley. 
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The production of Portland cement has been as 
follows : 

PbODUCTION of P(»TLAND CEHElfT IN THS UNTTED STATES 

1870-1919, IN Babbels 

Year Quantity Year Qvuintity 

1870-1879 82,000 1900 8,482,020 

1880 42,000 1901 12,711,225 

1881 60,000 1902 17,230,644 

1882 85,000 1903 22,342,973 

1883 90,000 1904 26,505,881 

1884 100,000 1905 35,246,812 

1885 150,000 1906 46,463,424 

1886 150,000 1907 48,785,390 

1887 250,000 1908 51,072,612 

1888 250,000 1909 64,991,431 

1889 300,000 1910 76,549,951 

1890* 335,500 1911 78,528,637 

1891 454,813 1912 82,438,096 

1892 547,440 1913 92,097,131 

1893 590,652 1914 88,230,170 

1894 798,757 1915 85,914,907 

1895 990,324 1916 91,521,198 

1896 1,543,023 1917 92,814,202 

1897 2,677,775 1918 71,081,663 

1898 3,692,284 1919 est 80,287,000 

1899 5,652,266 

It is remarkable that in this rapid growth of so 
important an industry a surprising minimum of science 
has been employed. The process invented by Aspdin 
is incapable of producing the cement that we now know 

t The flgurc* for 1800 and prior years were estinuite* made at the cloia 
of each jrear but are believed to be Bubstflntially correct. Since 1890 
the otBcial flgurea are based on complete returns from all producers. 
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as Portland cement, for it is not bnmed at a tempera- 
ture sufficiently high to produce the one essential in- 
gredient, since discovered through scientific research. 
In improving the process by raising the burning tem- 
perature to a point to produce incipient fusion, which 
was accomplished about the year 1825, this constituent 
was formed, and, while the superiority of cement so 
made was early demonstrated, no one knew why it was 
better, nor why such burning was necessary to make 
it better. As in many other industrial processes, the 
process for manufacturing a superior product was acci- 
dentally discovered, but no one gave sufficient thought 
to why the steps found necessary were taken. Devel- 
opment along really scientific lines, therefore, has been 
unfortunately slow, and the early development of the 
Portland cement industry depended upon the chance 
discovery by burning various mixtures and waiting to 
see what physical properties were obtained. 

The improvements in mechanisms necessary for 
handling raw materials and finished product, and the 
preparation of raw materials, as well as every other 
step in manufacture, have been made with a great de- 
gree of perfection, so that improvements in the quality 
of cement have been due largely to this mechanical 
perfection rather than to the acquirement of any better 
knowledge of what cement actually is. Now, having 
learned something of the essential constituents of a 
successful cement, it remains to be seen whether there 
may not be other raw materials than those commonly 
employed which will make it possible to secure these 
necessary compounds more economically and perhaps 
in larger quantity. Improvements thus far are per- 
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haps due more than anything else to the better grind- 
ing of both raw material and finished product, this 
grinding being more uniform, much finer and more 
economical than formerly. More uniform burning is 
another important factor. 
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CHAPTER m 

RAW MATRRTATiSt AND PB0CES8E8 OF HANX7FACTT7BR 

While theoretically there is a wide choice in the raw 
materials that may be used for Portland cement, as a 
matter of fact the various combinations are made from 
comparatively few components. One of the first re- 
quirements is that the raw material must be in a physi- 
cal state admitting of fine grinding with as low power 
consumption as possible. The finished product must 
contain silica, lime, and alumina in the right propor- 
tions, and must be free from excessive amounts of 
ferric oxide, magnesium, potash, and soda. The raw 
materials therefore must be so chosen as to provide 
the proi>er ingredients. The silica and alumina are 
customarily derived from clay or shale. The lime is 
obtained as limestone or marl, if it contains not less 
than eighteen per cent of lime, and clay or chalk. 

In compounding the raw material mix, due allowance 
is made for such clay as may be present in the marl. 
By-products, such as slag and caustic soda waste, are 
also used. In calcareous materials lime predominates, 
and this class is represented by limestone, marl, chalk, 
and alkali waste. Silica and alumina predominate in 
the agrillaceous materials, such as clay, shale, slate 
waste, and slag. Combinations having the right pro- 
portion of the three essential elements may be made 
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up from cement rock and limestone, or from limestone 
with shale or clay, sometimes from slag and limestone, 
and frequently from marl or shale with clay. Less 
frequently, alkali waste is proportioned with clay. 

A typical cement rock found near Copely, Pennsyl- 
vania, will analyze as follows: calcium carbonate, 
67.14; magnesium carbonate, 2.90; silica, 18.34; iron 
oxide and alumina, 7.49; sodium and potassium oxides, 
0.19; water and undetermined, 3.94. Cement rock 
from other localities usually runs somewhat less in 
calcium carbonate, with a corresponding increase in 
magnesium carbonate and with some variation in the 
other constituents noted. This is the same type of 
rock as that used in the production of natural cements. 
The other rock materials noted vary in their composi- 
tion — Whence the necessity of constant careful chemical 
control if the best possible results are to be obtained 
in the finished product. The alkali waste mentioned 
is the precipitated calcium carbonate derived from the 
Leblanc process. 

There are three processes commonly employed for 
the production of Portland cement from the ingredients 
that have been noted. These are the wet process, the 
semi-wet, and the dry process. The wet and the semi- 
wet processes have as their principal advantage the 
greater facility with which the proper mixing of raw 
materials prior to burning can be obtained, and con- 
sequently the possibility of using marl, which occurs 
wet, with clay. The semi-wet process is simply the 
wet process applied to dry materials. 

The proper raw materials having been decided upon, 
the first step is to crush and grind the materials to a 
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fine powder. This may be done, as indicated^ by either 
a wet method or a dry one. Where wet materials are 
brought into the mill, this may be done by any suitable 
dredging, pumping, and conveying machinery. Where 
dry raw materials are employed, the rock is either 
broken up at the quarry and conveyed to the grinders, 
or it may be brought to the crushers and passed by 
belt conveyors and other means to the different types 
of grinders. 

There are, of course, many types of these powerful 
machines. The gyratory type of crusher has been 
popular, and a large crusher of this type is sometimes 
instaUed at the quarry, followed by a series of smaller 
crushers at the end of the conveyor at the mill. The 
largest gyratory crusher is nearly nineteen feet in 
height and weighs approximately 425,000 pounds. An 
idea of the capabilities of this machine is obtainable 
from the fact that it will crush 800 tons of rock an 
hour, and pieces as big as three by five by ten feet may 
be fed into it. This crusher is, in effect, a heavy 
hammer, swinging with great power, accentuated by 
centrifugal force, against a circumference that forms 
the anviL 

The product from such large crushers is then con- 
veyed to smaller ones, which further reduce the size 
of the pieces. From this point in the semi-wet process 
the materials are mixed in the wash mill to form a 
thick suspension, or slurry, which contains about 40 
I>er cent, of water. It is then ground in one of several 
types of special mills, some of which employ burr- 
stones. In the wet method the materials are similarly 
ground, and in both cases the slurry is then usually 
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levigated and ran into shallow bins or other containers, 
where much of the water drains away or evaporatea 

The material, thus thoroughly incorporated and 
partly dried, may be made into briquets and dried 
by the waste heat coming from the kilns, after which 
it is fed into the cooler end of the ordinary kiln. The 
more modem practice provides for feeding the wet 
slurry direct to rotary kilns. In these, the first several 
feet from the stack or feed end is fitted with lifters, 
which elevate the slurry and allow it to drop through 
the heated gases. The material, after passing through 
this zone, carries about 10 per cent, of moisture. 

One of the objections to both the semi-wet and the 
wet methods has been that sometimes sufficient initial 
set takes place in the slurry to interfere with its effi- 
cient subsequent handling by the apparatus ordinarily 
provided. More recent researches indicate that there 
are several types of organic material that may be 
added to the slurry to prevent this from taking place. 
Such a setting preventative must subsequently be de- 
stroyed during the burning process. Molasses, sugar 
in other forms, oxy-acids, oxy-aldehydes, and oxy- 
ketones are among the materials that have been 
patented for such use. About one fourth of one per 
cent, of sugar is sufficient, and this, of course, bums off 
without objectionable residue. 

The more obvious advantages of the wet process 
are: first, the avoidance of dust, both in that portion 
of the plant where the grinding and the mixing of the 
raw materials are performed, and also nearly com- 
plete elimination of dust from the gaseous products of 
the kiln; second, the greater ease obtained in feed- 
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tag the required composition to the kihi to give a satis- 
factory finished product. These advantages are in 
addition to that of better grinding and mixing, to which 
reference has already been made. The wet process 
may be said to be gaining in f avor, and several of the 
recently built large mills employ it. 

The cement plant of today is usually of reinforced 
concrete construction, and consists, in short, of a series 
of storage-bins, located between the few unit processes 
— grinding, burning, mixing, drying. A typical wet- 
process mill has in general the following types of 
equipment. Assuming that the raw materials will con- 
sist of limestone and day, the coarse crushing plant 
will be located at the quarry. The rock is first crushed 
to pass an opening three inches in diameter, and in this 
condition is delivered to a storage-bin at the plant, 
using standard dump-cars to convey it. The clay will 
be transferred by a locomotive crane into special cars, 
which at the plant will be emptied by a bucket conveyor 
system operated from a traveling crane. This kind of 
equipment is also used to transfer the clay from its 
storage-bin to the wash mill. Such raw clay will con- 
tain approximately 30 per cent, of moisture, and an 
additional 30 per cent, will be required in the wash mill. 

A mill of this type is ordinarily constructed of rein- 
forced concrete, and it takes the form of a basin, say, 
twenty-five feet in diameter and six feet deep. In this, 
clay and water are added and thoroughly mixed by a 
revolving mechanism. The resulting suspension, or 
slurry, when thoroughly mixed, flows from the wash 
mill through a screen into either o^ two agitation 
basins, from which it is pumped as needed to receiving 
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tanks so located as to feed oomminnters by gravity. 

The lime rock is elevated to hoppers also located 
above the comminnters, and is fed to them at a con- 
stant rate, this rate being controlled, as is that of the 
clay slurry, to give the desired proportions of clay, 
rock, and water. The feed to the comminnters contains 
about 18 per cent, dry weight of clay, 82 per cent, of 
rock, to which sufficient water is added to produce a 33 
per cent, slurry. 

The mixture so produced flows to a tube mill, seven 
by twenty-two feet, in which about eighteen tons of 
beach pebbles are employed to do the grinding. As 
this tube mill revolves, the material is hammered be- 
tween the pebbles and the circumference of the mill. 
The product of the tube mill is fed into a second 
smaller mjU, ten by six feet, in which seventeen tons 
of a specially designed iron slug, called cylpeb, serves 
still further to reduce the particles. 

The next step is to pass through a Trix mill, where 
over-sized particles are screened out and returned to 
the comminuter. From these last mills the slurry goes 
to a storage-basin, where a mechanical agitator keeps 
the solids in suspension. The material has been 
ground so that between 90 and 95 per cent, of it will 
pass through a sieve having 200 openings to the inch. 
While in this storage-bin, the control laboratory makes 
an analysis and then a check analysis after the ma- 
terial has flowed to an agitation basin. Any correc- 
tions in composition are now made by adding the neces- 
sary ingredients, and the material is then finally 
pumped by air-lift pumps to storage-basins in the 
kiln building. 
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The rotary kiln of today is an impressive piece of 
meohanism. One recently installed is ten feet in di- 
ameter and two hundred and forty feet in length. For 
two hnndred and ten feet of this distance a lining of 
high-grade fire-brick is provided, and the remaining 
distance is fitted with lifter plates. The rotary kiln 
is connected with a high stack, and may be fired either 
by gas or by powdered coaL 

Much of the success attending cement manufacture 
as practised today is due to methods evolved for burn- 
ing powdered coal. Natural gas and oil continue to be 
favored fuels, but without pulverized fuel the cement 
industry would be considerably limited. The use of 
pulverized fuel enables many otherwise waste fuels 
to be used, permits a temperature control that is very 
essential, and in well equipped mills affords consider- 
able ease in handling. The preparation of pulverized 
fuel has been a problem in another field than that 
under discussion; but it may be said that, because of 
the recognized highly combustible and indeed ex- 
plosive character of finely divided organic dust sus- 
pended in air, the safety factor has been one of the 
most important parts of the problem. 

As long as pulverized fuel is at rest, it can be so 
conveyed and stored as to prevent it disseminating in 
the air, and it can be used with safety. One of the 
successful methods used in pulverizing the fuel pro- 
vides an air suction, which constantly carries from 
the mill those particles of fuel that have been reduced 
to suflScient fineness, thereby eliminating much of the 
potential danger. Coal, as received, must be dried, 
and when pulverized more than 95 per cent should 
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pass through a sieve having 100 openings to the inch. 
A low-ash coal is desirable, since this ash necessarily 
becomes a part of the finished product. 

Pulverized fuel is essentially an American inven- 
tion, and upon its use depends the Portland cement 
industry in some other parts of the world. 

From this point on the process is the same, whether 
the wet, semi-wet, or dry method for preparing the 
raw materials has been used. Returning for the mo- 
ment to the dry process, — ^by which the larger por- 
tion of the Portland cement is still manufactured in 
the United States, — the crushed raw materials must 
be reduced to as fine a dust as is economically possible 
before burning. A great variety of mills, rolls, 
crushers, etc., are used for this purpose. These in- 
clude ball mills, where flint pebbles or hardened balls 
perform the work. Tube mills, so arranged that satis- 
factorily reduced material is automatically discharged, 
are also installed. There are crushers where pulveri- 
zation is accomplished between plates, very much as 
coffee is ground to powder in a small coffee-mill. Then 
there is the hammer-mill type, where a series of 
hammer-like devices pound the particles to dust. The 
iron slug, or cylpeb, is frequently used at the end of 
the tube mill, which feeds and discharges through its 
shaft, these slugs increasing the output and produc- 
ing finer material. Again, the edge-runner mill may 
be employed. This is the same type of mill as is used 
in the manufacture of putty and many other substances, 
and consists of two heavy wheels running on a track 
around a center shaft. They are provided with suit- 
able scrapers, which continually return material to the 
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wheel path. In the case of raw materials for cement, 
the under plate is a perforated grid, the perforations 
being designed to let through only that portion which 
has been ground sufficiently fine. 

This finely ground powder is dried and must be care- 
fully analyzed before it is fed to the kiln, and additions 
of one or another of the ingredients made, as required 
to keep the material going to the kilns as uniform as 
possible. In all processes the hot clinker issuing from 
the kiln carries 10 or 11 per cent, of the heat supplied 
to the kiln in the burning of Portland cement. It has 
been suggested that this obvious loss of heat may be 
prevented by utilizing it to pre-heat the air brought in 
to support the combustion of the pulverized fuel in the 
kiln. The clinker leaves the kiln at a temperature ap- 
proaching 1200° C. (2192° F.) and will give up to the 
air approximately 520 British thermal units ^ per pound 
of clinker. If the theoretical amount of air for com- 
plete combustion of the pulverized fuel enters the 
clinker cooler at atmospheric pressure, it has been cal- 
culated that 480° C. (896° F.) would be the maximum 
temperature to which the air is heated. Using this 
heated air, the highest theoretical temperatures may be 
obtained when the fuel consumption is lowest; and to 
reach this high kiln efficiency there should be a slight 
excess of air. 

A great deal depends upon the proper temperature 

1 A Britiih themiAl unit is the amount of heat recpiired to raiee the 
temperature of one pound of water one degree F. The unit in the 
metric fyttem is eitli^r the large caloric, which is the amount of heat 
required to raise the temperature of one kilogram of water one degree 
C^ or the small calory, which is the amount of heat required to raise 
the temperature of one gram of water one degree C. 
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of the burning, for the tricalcic silicate that imparts to 
Portland cement its most valuable properties requires 
very high temperatures if it is to be formed from 
limestone and clay. There is a considerable shrinkage 
of the raw materials during burning, and a well burned 
clinker is a brown or grayish-green mass, semi-vitrified. 
The cooled clinker is elevated by a bucket conveyor or 
elevator to an inclosed clinker storage-bin, there to re- 
main until it is required for the finishing process. 

It is necessary to grind the clinker to as fine a powder 
as is economical, and for special purposes extra fine 
grinding is sometimes specified, as, for example, for 
cement used in the construction of concrete ships. The 
weight per cubic foot is less with the more fiaiely ground 
materials. The finishing mill is ordinarily fitted with 
comminuters and tube mills, the latter containing a sec- 
tion supplied with beach pebbles, and a second part, 
about one third the length of the former, supplied 
with cylpebs. Cement must be ground so that at least 
78 per cent, will pass through a sieve having 200 open- 
ings to the inch. 

Gypsum is an important constituent, added with the 
clinker entering the comminuter in a percentage suffi- 
cient to produce the required retard in the setting time 
of the finished product. Sometimes plaster of Paris, 
which is gypsum from which 75 per cent, of its com- 
bined water has been removed, is added to the finished 
product. The finished cement is transferred from the 
finishing-mill room by belt conveyors to concrete damp- 
proof silos, where it is held until required for ship- 
ment. The packing is done on special machines, sup- 
plied from a hopper, to which the cement is delivered 
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by a screw conveyor from the silos, and the filled bags, 
holding one cubic foot, or ninety-four pounds, are 
delivered, of course, by belt conveyors. For specially 
large operations cement has been successfully trans- 
ported in bulk, being loaded directly into box-cars, 
carefully lined to avoid loss by sifting or other leaks, 
and also to exclude moisture. At one time it was 
customary to pack a large proportion of the cement 
output in barrels ; but the use of cloth sacks has become 
more and more general, notwithstanding the annoy- 
ance involved in accounting for and crediting sacks 
returned by constructors and dealers for re-use. 

Many millions of sacks are required annually to 
handle our cement production, and some plants main- 
tain elaborately equipped departments where old sacks 
may be thoroughly cleaned and repaired for re-use. 
The packing of cement in bags is largely controlled 
by the corporation that has perfected the automatic 
machines used for the purpose; and, while the desir- 
ability of producing a one-time service, non-returnable 
bag is well recognized, none has so far been perfected. 
One of the difficulties in the way is the necessity of 
choosing a material that will work satisfactorily on 
the present bag-making machinery, or the alternative 
of interesting sufficient capital to develop a type of 
machine that will make a good bag from some of the 
cloth substitutes so far proposed. 

One of these substitutes is an ingenious reinforced 
damp-proof paper, composed of two sheets of Kraft 
wrapping-paper (the crisp, brown sort so extensively 
used for wrapping packages) of weights chosen to ren- 
der the required service. These two sheets of paper 



Digitized 



by Google 



30 THE NEW STONE AGE 

are held together by an asphaltic damp-proof com- 
pound, and, simultaneously with cementing these sheets 
of paper together, jute or cotton yam is woven be- 
tween the sheets. The space between these cords, 
which run diagonally in opposite directions, may be 
gaged to meet the great strain upon certain parts of 
the bag, and their size may be designated according 
to the service to be performed. There are several 
requirements to be met in designing a bag for cement, 
the pressure being greatly increased, for example, 
when bags are piled in tiers, as they usually are dur- 
ing construction operations. 

The electric motor has accomplished a great deal 
for the cement industry, beginning with the movement 
of raw materials clear down to electrically driven con- 
veyors that load the bags into trains. Motors have 
well recognized advantages in mills of this type, where 
they may be used directly connected or with short 
chain drives for operating the various mills, crushers, 
kilns, conveyors, and other units in a way to provide 
ample power at points where it will be required with- 
out the wastage so difficult to avoid in other systems 
of power transmission. 
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CHAPTER IV 

BY-PBODX70T8 IN THB CEMENT INDU8TBY 

TJnta a few years ago the cement industry could not 
be strictly said to have by-products, although there 
were losses due to the escape of fine particles in the 
gases issuing from the stacks. In order to maintain 
a sufficiently high temperature in the long rotary kiln, 
it is necessary to blow the powdered fuel into it with 
considerable force; and this, together with the tall 
chinmey through which hot gases rush, is sufficient 
to carry with it a considerable percentage of this dust. 
Smelters also have trouble with dusts and fumes, and 
in the manufacture of sulphuric acid there are mists 
that must be removed from the air. The removal of 
suspended particles from gases is a mechanical prob- 
lem, and commercially such particles are either re- 
moved by settling in flues, expansion-chambers, baffle- 
houses, etc., or by filtration processes involving towers, 
bags, and the like, scrubbing methods, centrifugal, and 
more recently electrical precipitation. 

The electrical precipitation process offers one of 
the best methods of separating individual particles 
of suspended matter from the gases without having to 
treat the gases themselves. It was while working 
upon the problem of removing sulphuric-acid mist from 
gases before they pass to the contact towers, in the 

81 
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contact process for the manufacture of sulphuric acid, 
that Dr. F. 0. Cottrell became interested in the pro- 
cess that now bears his name, and developed com- 
mercial methods for accomplishing the purpose. The 
success there led later to installations of similar ap- 
paratus in other sulphuric acid plants, and more par- 
ticularly in smelters, where restrictions had been 
placed relative to fume control because of damage 
(lone to vegetation in the surrounding country. 

Not many cement plants are located in districts 
whore the dust carried from the kilns can cause great 
damage. In southern California there is a factory 
in the heart of the fertile orange belt. It became the 
center of serious agitation that threatened the factory 
with extinction. There had been many demands 
made by complaining neighbors, whose limd in some 
caHos bad been purchased in settlement of suits; and, 
notwithstanding the company's liberality in settling 
the complaints of the growers, it became increasingly 
apparent that either the dust must be prevented from 
oHoaping into the atmosphere or the plant definitely 
shut down. In this emergency the company turned to 
the Cottrell process as a possible solution. 

This problem was quite different from the ones it 
had solved, due largely to the dryness of the gases, 
their high temperature, the great volume of gas, and 
the large quantity of dust that had to be removed. 

In the Cottrell process the individual dust particles 
are given separate electrical charges, and are then 
caused to migrate under the electric force out of the 
current of advancing gases. The force that can be 
exerted upon the individual particle depends upon the 
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construction of the apparatus, as well as on the electric 
characteristics of the gases under treatment. The 
gases, along with the suspended material, are passed 
into an apparatus comprising a system of electrodes. 
One of these systems facilitates the electric discharge 
from its surface, while the other is designed to minim- 
ize or prevent such discharge. These electrodes are 
so placed in the apparatus that the two types oppose 
each other, and a silent discharge is maintained be- 
tween them by means of a high uni-directional electric 
potential 

The gases are now passed through this discharge, 
which in reality is composed of a stream of particles 
of electricity flowing from the electrode designed to 
discharge to the non-discharging electrode. As the 
8usi>ended particles in the fumes come into this stream 
of electric particles, they are bombarded by the elec- 
tric particles, which attach themselves to the sus- 
pended material and give them their electric charge. 
In this manner the particles gather sufficient electric 
charge to move under the force of the field between 
the electrodes, causing them to pass to the non-dis- 
charging electrode, where the suspended material is 
deposited. Meanwhile the gas in which the particles 
were originally suspended moves on. 

This is a simplified description of what is really 
a very complicated mechanism. The process would 
seem very simple from what has been outlined above, 
but a great deal of skill is required in design to secure 
anything approaching theoretical results. For ex- 
ample, there is difficulty at times in freeing the elec- 
trodes from their attached particles, and care must 
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be exercised if satisfactory efiSciency is to be realized. 

In the plant under discussion several large-sized 
treaters were built, and proved entirely successfuL 
When it is remembered that nearly a million cubio 
feet of gas must be treated each minute, the tempera- 
ture being 450° C. (842° F,), and that 90 tons of dust 
are collected, on the average, every twenty-four hours, 
the immensity of the undertaking may be better real- 
ized. The total power of consumption of such an in- 
stallation, including the motors driving the electrical 
apparatus and the conveyors removing the dust, is 
40 kilowatts. The collection of the suspended particles 
averages an efiSciency of more than 95 per cent., the 
heavy dust being entirely removed. The apparatus 
is managed by one man on each eight-hour shift. 

The collecting electrodes are of wire mesh, while 
the discharge electrodes are of iron wire. The re- 
moval of dust from the electrodes is effected by the 
simple method of jarring them by means of air- 
hammers, and the dampers are operated by means of 
air-cylinders. The dust falls into hoppers, thence 
to screw conveyors that feed automatic scales, from 
which the dust is carried to bins. By this arrange- 
ment the treaters can be cleaned hourly, the en- 
tire bank of twenty units requiring less than five 
minutes. 

The operation of such an installation gives us, then, 
a by-product, saved in the first instance to avoid Hti- 
gation and prolong the life of the cement plant in 
question. If we remember the constitution of the 
raw materials entering the kiln, we recognize at once 
that in the dust so collected there should be enough 
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salts of potassium to make it worth while to treat it 
for the recovery of potash. The dust in the factory 
tinder discussion is from a calcined raw mix contain- 
ing no cement as such, but carrying about 2 per cent. 
of potash. In the beginning this dust was sold as a 
soil dressing. Later a kiln was installed in which the 
collected dust is burned to cement, and when the 
dust from this kiln is collected, it is found that the 
potash has been concentrated and that the dust from 
this kiln carries from 12 to 21 per cent, of potassium 
oxide, depending upon whether the kiln is operating 
on all dust or on part dust and part raw material. 

It is interesting to note that the only reason for 
installing the special kiln was that the character of 
the soil in the vicinity of the plant was not such as to 
utilize all of the dust collected as a soil dressing; and 
this circumstance may be said to have forced the dis- 
covery that potash could be recovered in a quantity 
to make it a very valuable by-product. Where the raw 
materials are high in potash, the dust is correspond- 
ingly high in this important substance, and frequently 
the raw material in a cement plant can be decomposed 
granite high in feldspatic material, which often con- 
tains one per cent, of potassium oxide. This makes 
the potassium oxide content of the raw mixture less 
than one fifth of 1 per cent., the potash in the dust 
from the main cement kilns 2 per cent., while that 
from the final kiln in which this dust is burned to 
cement, is something more than 20 per cent, potassium 
oxide. 

Since 1915, this recovery plant has proved of un- 
usual value, for the price of potash rose to unpre- 
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cedented heights, making the recovery plant more 
profitable, under war conditions, than the cement 
plant itself. Indeed, it is stated that at the River- 
side plant, where the climatic conditions make the 
storage of cemert clinker comparatively easy, this 
clinker unground was stored against the time when 
building construction should increase the demand for 
cement. The plant operated on a satisfactory eco- 
nomic basis from the proceeds of the recovered potash. 

Another means for recovering such dust is by the 
water-scrubbing method, which is preferred by some 
engineers. One method of application is to cause the 
dust-bearing gases to pass through sprays or curtains 
of mist, which weights down the particles and cools 
them enough to cause their precipitation while the 
gases pass onward. 

The potassium salts recovered by either method 
are only partly soluble in water, and are customarily 
converted into one of the soluble potassium salts of 
commerce. While especially suitable for fertilizer 
purposes, these potassium salts may be refined or 
brought into such form as the market may demand. 

While it is not true of the cement industry, it may 
be said of others that such methods of precipitation 
of dust from fumes have shown phenomenal profits, 
not alone because the device performs its functions 
eflBciently, but because up to that time the plant had 
been operated with appalling losses of either raw 
material or finished product. In this instance a series 
^^ate circumstances has shown a possible way 
potash: that if necessary, mills can be 
with cement as the by-product and potash 
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the thing most desired, should such production ever 
be so important. 

This adiievement in the cement industry is a con- 
spicuous illustration of what frequently occurs upon 
the employment of scientific research upon an indus- 
trial problem. It is a curious fact that much of the 
industrial research in our country has been taken up 
under the pressure of threatened litigation and not 
with sufficient frequency because the industry desires 
to make the most of its opportunities. 
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CHAPTEB V 

THEOBY OF POBTLAND CEMENT 8ETTINQ 

To M. Vicat of France seems to belong the honor of 
first undertaking to correlate the opinions and sort out 
the facts, so far as they were known in 1812, regarding 
the scientific principles underlying cements. He was 
particularly concerned with any relation that might 
exist between the quality of cement and the chemical 
composition of the stone that went into it ; the nature 
of the chemical compounds formed during the burning 
operation ; and, lastly, the changes that take place when 
cement hardens, or sets. 

His first theory stated that, in mortars, hardening 
was caused by chemical combination between a portion 
of the alumina and silica found in the sand with the 
lime ; but he soon found that this theory could not be 
supported. He then proceeded to study the influences 
of cohesion, discarding the hypothesis of simple inter- 
lacement of crystals, and came to a consideration of 
whether adherence is stronger than cohesion, or vice 
versa, in cases where cement hardens without percep- 
tible shrinkage and also where shrinkage is measur- 
able. By a process of theorizing and experiment he 
came to have no doubt that an important influence was 
exerted by the presence of quartz upon the cohesion of 
the lime. 

S8 
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Taking it up point by point, Vicat concludes: **We 
persist in thinking, as we have always maintained till 
now, that the lime in cements of natural or puzzolanos, 
etc, enters into chemical combination with these sub- 
stances"; and, as Bankin states in his. address on 
** Portland Cement '' in the Journal of the Franklin 
Institute, the theories that Vicat must have had in 
mind can be stated: ''First, that the lime contained in 
cement mortars should be present in chemical com- 
bination with some material other than water; second, 
that this other material should be silica, preferably in 
a finely divided or gelatinous condition/' 

Le Chatelier examined thin sections of cement 
clinker under a microscope fitted with polarizing ap- 
paratus, and concluded that this clinker was a mixture 
of tricalcium silicate with tricalcium aluminate. He 
attempted to prepare silicates of calcium and aluminum 
in the laboratory, and then examined their hydraulic 
properties; but he failed to prepare tricalcium sili- 
cate directly from lime and silica. He also examined 
very thin sections of hardened cement, and found it 
to consist of crystallized calcium hydroxide, interlaced 
with crystals of hydrated monocalcium silicate in a 
white matrix. From these observations he concluded 
that tricalcium silicate, when mixed with water, forms 
calcium hydroxide and hydrated monocalcium silicate. 
He believed the hydroxide then reacts further upon 
the calcium aluminate of the cement, forming hydrated 
basic calcium aluminate. 

As has been stated, Portland-cement clinker is 
formed by the chemical combination of three oxides, 
L*me, silica, and alumina, with which magnesia and fer- 
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rio oxide always oocnrs in commercial cement The 
three principal oxides make np more than 90 per cent 
of the cement, and, while ordinary chemical methods 
enable ns to learn the percentage of each oxide present, 
it gives ns nothing with reference to the condition or 
way in which these oxides combine. 

Many persons have been at work npon this qnes- 
tion, and most of the work resulted in a failure to ap- 
preciate the extent to which the principle known as 
the phase rule could be employed in deciding the ques- 
tion. To the Geophysical Laboratory of the Carnegie 
Institution of Washhigton belongs the credit of achiev- 
ing the first considerable success in learning to what 
the cementitious character of Portland cement is due. 

A long series of systematic, painstaking experiments 
led to the determination of the characteristic properties 
of the several solid substances containing only the 
oxides of calcium, alumina, and silica which may be 
expected to occur in Portland cement. In order to 
work out the ternary system, about 1000 different mix- 
tures of the three oxides were investigated, involving 
7000 heat treatments and microscopical examinations 
of the resultant products. Materials of known purity 
were used, and fusions were made in a platinum cru- 
cible to avoid contamination and to obtain a thoroughly 
combined product. In the article already quoted, the 
apparatus is both described and illustrated and the 
method given in some detaiL Considerable ingenuity 
was displayed in the design of furnaces, methods for 
temperature measurement and control, and indeed 
methods of constant uniform heating. 

The data obtained are interpreted most readily by 
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plotting them in three dimensions. In this scheme the 
concentration of each mixture is represented by a point 
within an equilateral triangle, on which the pure com- 
ponents, calcium oxide, aluminum oxide, and silica, are 
represented by the apices of the triangle: the binary 
systems, calcium oxide with aluminum oxide, calcium 
oxide with silica, and aluminum oxide with silica, are 
represented by the sides of the triangle; while the 
ternary mixtures are indicated by points within the 
triangle located with reference to the percentages of 
each of the three components present. When the com- 
position is represented by such a point within the 
equilateral triangle on the horizontal plane, the magni- 
tude of the corresponding temperature can be indicated 
by the distance above this plane, and a model resem- 
bling a contour map of a mountainous region can be 
constructed, in which each melting-point corresponds 
to a peak on the model and the mountain slopes repre- 
sent the melting temperatures of a compound in a 
ternary mixture. 

The major constituents of Portland-cement clinker, 
made up only of the oxides of calcium, aluminum, and 
siUcon, have been found to be the three compounds — 
tricalcic silicate, in which three molecules of calcium 
oxide combine with one of silica ; dicalcic silicate, where 
two molecules of calcium oxide combine with one of 
silica; and tricaldo aluminate, in which three mole- 
cules of calcium oxide combine with one of aluminum 
oxide. Occasionally a compound consisting of five 
molecules of calcium oxide with three of aluminum 
oxide occurs, as does also free lime or calcium oxide. 

By exhaustive study of these several compounds, 
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their optical and crystallographical properties were de- 
termined. These are of great assistance when examin- 
ing commercial Portland-cement clinker under the 
microscope; and, while the mixtures are too finely 
grained to permit of certain identification, nevertheless 
something of the optical nature can be seen« 

From all this work, it would appear that the value 
of Portland cement as a cementing material when 
mixed with water is due principally to one or more of 
the compounds dicalcic silicate, tricalcic silicate, and 
tricalcic aluminate. Now, if the clinker has been per- 
fectly burned and pure oxides have been used, the 
clinker will consist of about 36 per cent, of the tricalcic 
silicate, 33 per cent, of the dicalcic silicate, 21 per cent, 
of the tricalcic aluminate, and 10 per cent, of the minor 
constituents. But in the actual manufacture of cement 
this is not achieved; for the raw materials are rarely 
ground fine enough nor heated sufficiently high to com- 
plete this chemical reaction, and in our commercial 
cement the proportions of the essential ingredients 
will be altered from the percentages given above. The 
work done at tho Ooophysical Laboratory, however, 
makes it poNNlbln to Mtato which constituents will not 
be completely formed, Tricalcic silicate is the last one 
to form completely, being the compound resulting from 
tho combinntion of a molecule of calcium oxide with 
one of dienleic Millcato. Consequently, there will be 
loHs tricnieic Mlllente and more dicalcic silicate and free 
limo, or calcium oxide, in the commercial clinker than 
in tho one poMMlble under laboratory conditions. 

In the manufncturo of the best Portland cement, it is 
nooessary to carry tho reaction as nearly to completion 
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as possible; and this is more necessary when the action 
of free lime on the physical properties of Portland 
cement is understood. Actnal experience has shown 
that concrete made from cements in which there is 
much free lime will disintegrate with relative rapidity, 
because of the expansion of this uncombined lime when 
it reacts with moisture, forming calcium hydrate. The 
necessity, therefore, of carrying out the reaction by 
which the calcium oxide combines with the dicalcic sili- 
cate, is apparent; and for some time cement manufac- 
turers have striven to devise ways of insuring the com- 
bination of lime during burning, so that a better pro- 
duct with increased strength might be secured. As 
shown below, it seems certain that the essential cement- 
ing material in Portland cement is tricalcic silicate, al- 
though, unfortunately, this is the compound of the 
three that is formed with the greatest difficulty under 
conmierdal conditions. 

There is still a great deal to learn as to the scientific 
principles underlying the complete hardening of Port- 
land cement ; yet enough data has been secured to fur- 
nish a knowledge of the gradual hardening, and to an- 
swer the query whether there is an increase in strength 
within the time that is frequently required to produce 
full strength in cement. The first change in cement 
mortar is usually described as setting, and this takes 
place rapidly. It sometimes requires a year for 
cement that has hardened to attain its maximum 
strength. 

The hydration of the three major constituents, trical- 
cic aluminate, tricalcic silicate, and dicalcic silicate, 
win throw light upon what transpires in cement. Quot- 
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ing again from Mr. Bankings discussion: ''When pure 
tricalcic aluminate is mixed with water, an amorphous 
hydrated material is first formed. This material sets 
and hardens very rapidly. The compound tricalcic 
silicate, when mixed with water, also sets and hardens 
rather rapidly. In the case of this compound, as in 
the case of tricalcic aluminate, the setting and harden- 
ing are due to the formation of an amorphous hydrated 
material on the individual grains, which are thus 
cemented together. The extent of the hydration or the 
percentage of amorphous material which each grain 
will yield depends upon the percentage of water used 
and the time. With a given percentage of water, the 
amount of amorphous material formed from the com- 
pound tricalcic aluminate in a given time is much 
greater than for the compound tricalcic silicate; that 
is, the compound tricalcic aluminate reacts with water 
much more rapidly than the tricalcic silicate. The 
compound dicalcic silicate reacts very slowly with 
water, and it is only after a long period of time that 
sufficient amorphous hydrated material is formed to 
cement together the grains of this compound and so 
form a hard mass. 

''The amorphous hydrated material formed by the 
action of water on the constituents of cement does in 
time no doubt crystallize to some extent. From the 
data available it would appear that the crystals formed 
are calcium hydrate and some crystalline hydrate de- 
rived from tricalcic aluminate. Apparently no crystal- 
line hydrate of the calcium silicates is formed. 

"From this brief description of the action of water 
on the constituents of Portland cement, it will be seen 
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that the settling and hardening involve the formation 
of an amorphous hydrated material which snbseqnently 
partially crystallizes ; that the initial set is probably dne 
to the hydration of tricalcic alnminate; that the hard- 
ness and cohesive strength at first are due to the 
cementing action of the amorphous material produced 
by the hydration of this aluminate and of the trical- 
cic silicate ; and that the gradual increase in strength 
is due to further hydration of these two compounds to- 
gether with the hydration of the dicalcic silicate." 

From this it is obvious that the essential constituent 
of Portland cement is the compound tricalcic silicate, 
for it is the only one of the three compounds occur- 
ring in Portland cement that will set and harden within 
a reasonable time to form a mass having the physical 
characteristics of Portland cement. The other com- 
pounds either require too long a time to set and harden 
or form a umiss too soluble in water and lacking both 
durability and strength. 

Older theories, which stipulated gelatinous silica as 
the essential cementing substance, have been over- 
thrown ; for, while some of the particles may thus have 
been cemented together to form our most durable rocks, 
such silica does not occupy a correspondingly impor- 
tant place in Portland cement. 

The question will at once arise as to why cement 
kilns are not operated so that tricalcic silicate will be 
produced. The answer is found in the diflSculty with 
which this compound is formed from calcium oxide and 
silica. To begin with, the t6mi>erature of burning re- 
quired would be 1700^ C. (3092^ F.), much too high for 
economic industrial practice. To form any consider- 
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able percentage of the desired compound^ it is neces- 
sary to use a flux that will materially reduce the re- 
quired temperature, and this to a considerable extent 
is furnished by the lower melting calcium aluminates. 
The best cement-making practice today produces a 
Portland cement containing from 30 to 35 per cent, of 
tricalcic silicate, which approaches the maximum pos- 
sible yield with the present percentage of flux, and gives 
as good results as could be expected from the propor- 
tions of the components in an average Portland cement. 
The only conditions under which a larger percentage 
of lime can be used to convert more of the dicalcic sili- 
cate to the tricalcic silicate involves fineness of grind- 
ing and temperatures that are uneconomical, working 
with our present raw materiaL 

Alumina below 10 per cent, renders cement more 
quick setting; but there is a noticeable decrease in ten- 
sile strength when more than that amount is present. 
Ferric oxide is believed to act similarly on alumina in 
promoting the combination of silica and lime. Ordi- 
narily less than 5 per cent, of ferric oxide is present, 
which quantity apparently has no bearing upon the 
value of the cement in construction. It is to the pres- 
ence of iron compounds that cement owes its dark color, 
and the white Portland cements are manufactured from 
materials selected with reference to their freedom from 
iron. 

Potash and soda, which are always present, ere not 
believed to promote the combination of lime, silica, 
and alumina; and calcium sulphate always delays the 
setting. Two per cent, is the usual allowance in sped- 
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fications, and when 4 or 5 per cent, is reached, the re- 
sult is injurious to the cement. It is popularly believed 
that any considerable percentage of magnesia will give 
rise to expansion and cracking. 
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CHAPTER VI 

OTHER TYPES OF CEMENT 
PUZZOIAKy COLIiOBy SOREL^ AND GTF8UM 

As has been indicated, the Romans f onnd it advan- 
tageous to mix voloanic ash with slaked lime in the pre- 
paration of their cement. This ash was conveniently 
found at a place named Pozzuoli, near which quantities 
of volcanic ash may be found even today. One such 
accumulation, a hill 440 feet high, called Monte Nuovo, 
was formed by an eruption in September, 1538. It has 
been mentioned by several classical writers. Because 
of the origin of this ash, the name '^puzzolan" has been 
applied to cements employing somewhat similar 
materials. Diatomaceous earth has been found an ex- 
cellent substitute for volcanic ash, but the nearest ap- 
proach commercially is the slag from blast-furnaces. 
The temperatures reached in blast-furnaces are con- 
siderably higher than those obtained in rotary cement 
kilns, with the result that complete fusion is obtained. 
The process of manufacture consists in granulating the 
slag by running it, while still molten, into a reservoir 
of water. The fine particles thus formed are then 
dried and ground, very much as is cement clinker, with 
vaiyiag proportions of hydrated lime and a little gyp- 
simi to regulate the time of setting. Sometimes a little 
Portland-cement clinker is intimately ground with 
slag. 

48 
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The first cement of this chaitacter was produced hy 
the Clinton Cement Company at Pittsburgh in 1897, 
and in 1900 one of the steel companies began the manu- 
facture of a similar cement. This activity has been 
assigned to a subsidiary corporation, which now manu- 
factures true Portland cement from slag and limestone 
by the dry process. 

It should be noted that if limestone and blast-furnace 
slag are ground together and burned by the usual 
method for making Portland cement, a true Portland 
cement results ; but if the slag is granulated, as noted 
above and ground with slaked lime without burning, 
the resulting product is puzzolan cement. It will be 
seen at once that there is an economic advantage in 
manufacturing puzzolan as contrasted with Portland 
cement; for in using slag, a considerable part of the 
desired reaction has already taken place, and of course 
there is a saving in the number of heat units required, 
for the slag is a waste product of an operation against 
which the entire charge for fuel required can properly 
be made. There is a debit against this saving, how- 
ever, because of the necessity of drying following gran- 
ulation. 

One limitation in the manufacture of puzzolan is that 
only slag from pure iron ores, which have been fluxed 
with limestone low in magnesium, can be used. In 
blast-furnace operations it is necessary to mix the fuel 
with the material to be fused, and in consequence there 
is likely to be a larger percentage of sulphur com- 
pounds in the resulting material than is desirable, un- 
less precautions are taken in the use of fuel There 
is also very likely to be a fairly large percentage of 
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sulphur compounds in the iron ore itself , and it is con- 
sidered difficult to operate a blast-furnace to produce 
the most desirable quality of iron and at the same time 
puzzolan-cement clinker. 

It is desirable to avoid an excess of lime in Portland 
cement beyond that required to satisfy the chemical 
ratio of complete fusion; yet a high percentage of lime 
appears necessary if the material is to be expected to 
pass through the kiln at the proper rate. If a low per- 
centage of lime is used, the mass tends to become too 
fluid ; and when attempts have been made to produce a 
Portland cement by complete fusion of the original raw 
materials, the product has not had immediate cementi- 
tious qualities, and considerable calcium sulphide has 
been present. If the blast-furnace could be operated 
primarily for cement land its by-products, the difficul- 
ties, so far as sulphur is concerned, might be over- 
come, and an excess of lime in the resulting cement 
could be avoided. 

Puzzolan cements are excellent for many purposes, 
particularly where the concrete made with it is kept 
moist. It does exceptionally well in sea water, and in 
this respect approaches very nearly the characteristics 
of its historical ancestor. However, when it becomes 
thoroughly dry, it seems to lose much of the strength 
shown while moist, and apparently oxidation by the 
atmosphere causes ultimate crumbling as the reaction 
progresses inward from the surface, being evidenced 
by a green coloration. Because a comparatively small 
quantity of cement is used where the concrete is kept 
moist, the production of puzzolan is a very small frac- 
tion of the total cement made. 
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There is another cement also made from slag which 
is somewhat different in character from pnzzolan 
cement. It is made by a process called ** cellos'* after 
its inventor, Heinrich Colloseus. To appreciate the 
difference between this and Portland cement, the fol- 
lowing analyses are given. The composition of Port- 
land cement varies, but in general lies between the 
extremes qnoted: 

Silica 19.8-26.25 

Aloinma 4.16- 9.45 

Iron oxide 2.19- 4.47 

Lime 58.22-65.59 

Magnesia trace- 2.89 

Alkalis 0.19- 2.83 

Sulphuric anhydride 0.19- 2.19 

Loss in ignition 0.26- 2.67 

Undetermined residue 0.12- 1.28 

Collos cement differs from the average rotary-kiln 
Portland cement in the presence of calcium sulphide 
and in the very much lower percentage of lime. 

A typical collos cement contains : 

Silica 33.04 

Alumma 13.90 

Iron oxide 1.23 

Lime 42.86 

Calcium sulphide 2.1b 

Magnesia 3.74 

Alkalis 1.93 

Sulphuric anhydride 1 J.1 

Whereas the puzzolan cements undergo certain 
changes due to oxidation by the atmosphere, the change 
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that affects coUos seems to consist principally in the 
transformation of calcium sulphide into calcium sul- 
phate, due to the method by which it is manufactured. 
Briefly stated, this consists in granulating the slag by 
running it upon a rapidly revolving corrugated cylin- 
der, which granulates it while sprayed with a relatively 
small amount of a dilute solution of magnesium sul- 
phate or similar salt of one of the oxide-bearing earth 
metals. The cooled and collected granules, when 
ground to a fine powder, constitute the finished pro- 
duct, to which nothing is added except a little plaster 
of Paris to control the setting time. 

Customarily a blast-furnace is operated with cement 
as the first consideration, and may be the usual 40- or 
50-foot stack familiar in the production of pig iron. 
The charge is proportioned very much as in the opera- 
tion of iron blast-furnaces, where the calcium oxide 
and magnesium oxide in the resulting material will 
run from 40 to 50 per cent. Such a silicate has a 
melting-point between 1200^ C. and 1300° C. (2192° 
and 2372° F.), which fortunately is about the melting 
temperature of the orthoclase from which potassium 
salts may be recovered. When such temperatures as 
those customary in iron production are used, the melt 
flows satisfactorily, is easily granulated to the desired 
cement clinker, and something more than 90 per cent, 
of the potash salts are volatilized and may be recovered 
by some such process as has been mentioned. 

The molten mass is tapped from the base of the fur- 
nace into large iron ladles, from which the slag runs 
at a constant rate on to the periphery of a revolving 
cylinder. The slots, three inches apart, run longi- 
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tudinally, breaking up the molten mass into fine glob- 
ules, while the drum or cylinder revolves at a speed of 
600 revolutions a minute. Simultaneously €i 5 per 
cent, solution of magnesium sulphate is supplied under 
pressure through the interior of the cylinder, at a 
rate to use approximately sixty gallons of solution to a 
ton of molten slag. Under these circumstances the 
magnesium sulphate actually penetrates the granules, 
and both a physical and a chemical change takes place 
in the molten silicates. The oxy-salts of magnesium 
sulphate are formed on the surface and also on the in- 
terior of the finely divided material as it is suddenly 
chilled and then more slowly cooled. This is actually 
a dry granulation process, for the only water used is 
the amount necessary to carry the magnesium sulphate 
to the molten particles, and, by the time these fall upon 
a slowly revolving table beneath the cylinder, they 
are quite dry. This table, which may be 25 feet in 
diameter, carries the granules for two thirds or three 
fourths of a turn, so that they are almost cooled when 
scraped off by a conveyor which takes them to clinker 
storage. 

As is customary in blast-furnace operation, a hot-air 
blast is employed in melting the charge, and this excess 
of air actually oxidizes virtually all of the sulphur 
present in the fuel, permitting it to pass off with the 
gases as sulphur dioxide, leaving only the small amount 
of calcium sulphide <given in the previous analysis. If 
low sulphur fuels could always be used, the presence of 
sulphides might be avoided altogether. 

There are several advantages claimed for this type 
of cement It is somewhat slower in attaining its 
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initial set, but in practical work this has not been detri- 
mental in construction work. It attains high strength 
and is never too quick setting. It sets equally in air 
and water, and in general complies with the standard 
specifications for Portland cement. Indeed, where a 
quicker setting cement is required, the omission of gyp- 
sum and the addition of from 5 to 10 per cent, of a high- 
lime clinker to the coUos type, will produce the desired 
results. The specific gravity is 2.88, as compared with 
3.10 for Portland cements. 

In Portland cement specific gravity is one indication 
of proper calcination, the density usually preferred 
being 3.10; but there is nothing to show that the denser 
cements have any advantage. In fact, in some special 
work, for example concrete ships, an e£Fort was made 
to obtain a lower specific gravity without sacrificing 
strength, in this case by extremely fine grinding. 
CoUos cement is said to be almost constant in volume, 
and as there is no excess lime, there is lessened danger 
of unsoundness. Portland cements sometimes expand, 
because of the outward thrust of certain crystals that 
grow in the mass, or perhaps the formation of a col- 
loidal cement; but tests in oarefhlly calibrated glass 
tubes indicate a lack of expansion in the case of these 
other types. 

Being a completely fused material, it may be assumed 
that all the elements of coUos cement are in permanent 
chemical combination, and that it therefore should re- 
sist sea water, alkaline fluids, and even fire to an un- 
usually satisfactory extent. But perhaps the charac- 
teristic most appreciated in building operations is the 
non-staining character of the coUos type of cement. 
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The iron in this type of cement seems to be in chemical 
combination with the other constituents and in the 
ferrous condition. The cement has been proved to be 
non-staining, and tests, in which polished copfper and 
iron have been embedded in concrete made with this 
cement, have been found to be free from discoloration 
and to be uncorroded at the end of many months. In 
a number of instances, white marble and other stone 
have been laid up in various buildings with this ce- 
ment with entire satisfaction, both as to the strength 
of the mortar and particularly because no staining re- 
sulted. 

With more than 90 per cent, of the potassium pres- 
ent in the raw materials volatilized in this process, it 
has been suggested that it could be profitably operated 
for the cement and potash with but little considera- 
tion for the iron to be made; and if ore of low iron 
content is used, the cement is improved in color. The 
potash may be recovered in the usual manner. 

Sorel cement is another variety, distinct in materials, 
methods of manufacture, chemical reactions, and uses 
from those previously described. It has come into 
prominence more recently, especially for flooring and 
various artificial stones. Chemically speaking, sorel 
cement is magnesium oxy-chloride, which is formed in 
the mass when magnesium oxide and magnesium 
chloride are brought together in the right proportions. 

The source of magnesium is usually magnesite, the 
carbonate ore of magnesium. In one process for the 
production of carbonic-acid gas familiar in charged 
waters and soda-fountain beverages, magnesite is 
heated or calcined to drive off the carbon dioxide to 
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the point at which from 2 to 4 per cent, of the gas re- 
mains in the mineral. This temperature is about 
870^ C. (1600** F.), and the resulting oxide is suitable 
for the cement described. Magnesite may be calcined 
at different temperatures, and that now under discus- 
sion is called caustic burning. 

The hardening of the cement being due to the forma- 
tion of magnesium oxy-chloride, it is obviously neces- 
sary so to proportion the magnesium oxide and the 
magnesium chloride as to form the oxy-chloride ex- 
clusively, leaving no excess of either constituent. This 
is usually controlled by the specific gravity of the mag- 
nesium chloride solution with which the oxide is to be 
mixed. Commercially, the preparation is offered in 
dry form containing the ingredients in proper propor- 
tions, so that, upon stirring with the prescribed quan- 
tity of water, a plastic mass will be produced with the 
setting time regulated to permit its being spread in 
place. 

This type of cement is dense, hard, and tough— es- 
pecially when suitable fillers are incorporated with it, 
as in the manufacture of composition flooring. Such 
fillers may be fibers or powdered minerals, which also 
serve to impart the desired color. Properly troweled 
and finished, this cement has a surface so satisfactory 
that it may be used for table-tops and other similar 
applications. The material has abundant strength for 
flooring, and, unlike Portland cement, it is possible to 
cut, saw, nail, or force screws into the magnesite floor- 
ing, as it is customarily called. Further, it has the 
ability to resist fire to a reasonably satisfactory de- 
gree, and acts as a heat insulator. Fortunately, its 
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comparatively low cost permits its use in competition 
with other types of permanent flooring, leading to its 
installation in hospitals and other public buildings, as 
well as in the kitchens, pantries, etc., of houses. 

When used for flooring or for step-treads on railway 
cars and on ship decks, the composition is advanta- 
geously worked into the surface or foundation pro- 
vided with ribs, set at such an angle as to give 
anchorage for the material and yet to permit it to be 
chiseled out in strips, blocks, or other sections when 
repairs are required for those portions subjected to 
the greatest wear. Magnesite flooring has come into 
almost general use as a satisfactory insulator and 
covering for the floor of the modem steel railway coach, 
where it is subjected to extraordinarily hard usage. 

Although known for some twenty years, this type of 
flooring has become prominent commercially only in 
the last six or eight years. Some two hundred con- 
cerns are now producing it, and 10 per cent, of our 
magnesite ore production is required for the manufac- 
ture of this t3rpe of cement. Where it has not been 
successful, the cause has nearly always been a failure 
to appreciate the necessity of balancing the chemical 
reaction. Good results cannot be obtained with either 
too little or too much of either ingredient. As is the 
case with every structural material, a certain number 
of failures can be traced to poor design and poor work- 
manship. 

Another important series of plasters is that utilizing 
gypsum as a raw material. Oypsum for this purpose 
is usually mined from the granular masses of the min- 
eral in which it occurs more or less stained by iron. 
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When gypsum is of especially fine grain, mottled in 
pale colors or white, it is called alabaster. Gypsum is 
also deposited from solution in salt lakes, where it 
forms compact fibrous beds looking like limestone, but 
very much softer. When it is transparent, it is called 
selenite. The chemical composition of gypsum is cal- 
cium sulphate, with which two molecules of water crys- 
tallize out for each molecule of calcium sulphate. Cal- 
cium sulphate is a by-product in several chemical op- 
erations, and the pure comi)ound thus obtained is vari- 
ously termed terra alba, mineral white, pearl harden- 
ing^ crown filler, etc., and is used for such purposes as 
a filler in paper-making, finishing cloth, wall-paper 
printing, and as a pigment. 

When gypsum is heated to the point where 75 per 
cent of this water of crystallization has been driven 
oflF and is then finely ground, plaster of Paris results. 
For the finer plasters the raw material is washed free 
from iron. In the process of burning, which may be 
carried on in kilns, furnaces, or muffles, direct contact 
with the fuel must be avoided, so that the sulphide will 
not be formed from a part of the sulphate. Conse- 
quently the burning operation requires considerable 
care. The most favorable temperature for burning is 
about 125° C. (257° F.), and if the temperature is 
carried to 200° C. (392° F.), all the water is expelled, 
and the resulting product will combine with water 
very slowly, the property of rapid setting having been 
destroyed. 

Gypsum plasters, of which plaster of Paris is per- 
haps the best known, set or harden on recombination 
of water with the burned plaster to form hydrated cal- 
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einin sulphate. As soon as a part of the plaster, 
which according to Le Chatelier is really two mole- 
cules of calcium sulphate with one molecule of water 
of crystallization, begins to dissolve, a combination 
takes place with some of the water with which it is 
mixed, forming the same chemical combination as the 
mineral gypsum. This is much less soluble than the 
plaster, and begins to crystallize at once with a net- 
work of crystals. This process continues as more of 
the plaster dissolves, becomes hydrated, and crystal- 
lizes, so that the set rapidly increases, due to the inter- 
lacing of newly formed crystals with those that have 
been formed. This train of events continues until the 
plaster is fully hydrated. 

Recent experiments by Eeane show that the ability 
of a plaster that has been heated to a high temperature 
to set is directly due to differences in the fineness of the 
particles. Thus so-called dead-burned plaster, result- 
ing when gypsum had been heated for some time at 
600^ C. (1112*' F.), was unable to set when the average 
diameter of the particles was 0.05 millimeters ; but the 
same product ground until the average diameter had 
been reduced to 0.005 millimeters, formed a hard mass, 
setting rather rapidly. In investigations on metals it 
has been learned that the boundaries between neighbor- 
ing crystals are surfaces of considerable strength, due 
to surface tension or perhaps the presence of a layer 
of amorphous material. This may also account for the 
early strength developed in the network of calcium sul- 
phate crystals that form to give us the familiar hard, 
dense mass of plaster. 

As in the use of many other good materials, errors 
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are frequently made in the use of plaster of Paris, par- 
ticularly failures to get the right proportion of plaster 
and water. Where plaster is used in considerable 
quantity, a safe method is to add the plaster to the 
water, for reasons that the above theory of setting 
makes clear. If the desired proportion of water can 
be placed in a suitable container, above which a sieve 
can be so placed as to deliver the plaster in a fine 
shower, it can then be sifted into the water until some 
dry plaster remains on the surface. The sifting should 
be done slowly, giving the plaster time to hydrate. 
The presence of a fair layer of dry plaster on the sur- 
face of the water is an indication that enough plaster 
has been added. It is then well thoroughly to work up 
the mass with the hands ; and, while those unfamiliar 
with working plaster of Paris in this way are pretty 
sure to consider the mixture too thin, it will be found 
entirely satisfactory when the mold or other article has 
hardened. The plaster in this condition is homogene- 
ous, readily flows into place, and sets with satisfactory 
density, strength, and service. 

Portland cements, particularly the white cements, 
magnesium oxy-chloride and plaster of Paris, are used 
with a great variety of substances to form all kinds of 
artificial stones. Granites and that type of material 
are usually secured by facing cement or concrete slabs 
and blocks, as will be described later; but in fashion- 
ing artificial marble, onyx, and other types of decora- 
tive stone, these materials are used for their cementa- 
tions qualities, their durability, compressive strength, 
hardness, and ease of working. Special plaster of 
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Paris is the basis of the hard cement used in plaoe of 
wall tile. 

The distribution of color required is obtained by a 
great variety of fillers, extending from minerals and 
waste materials to masses of silken threads. These are 
embedded in the surf ace, which, after the mass has set, 
is turned or rubbed down to the specified size and 
shape, and then finished according to the desired effect. 
This may consist in producing a high polish, after 
which glue, size, wax, stearin, etc, may be applied in a 
solution of petroleum ether. This tends to fill the 
pores, and gives a smooth surface to which dirt does 
not adhere readily and which can be washed without 
injury. Again, the surface may be washed with a 
barium hydroxide solution designed, through the for- 
mation of insoluble barium sulphate, to render the ob- 
ject water-proof. 
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OOKCRETB 

Concrete is the term applied to mixtnres of coarse 
and fine rock particles, called aggregate, and water 
with Portland cement, which acts as a mortar and when 
it hardens produces a solid mass. An e£Fective mixture 
is one in which there is enough cement of good grade to 
coat every particle, small and large, and in addition to 
fill the spaces, called voids, that exist between the 
grains of sand or larger particles of aggregate. 
Enough of the small aggregate, or fine particles, must 
be used to form a mortar with the cement when it is 
hydrated, and this mortar must fill the spaces or voids 
between the larger pieces called coarse aggregate. At 
the same time, the coarse aggregate must be graded 
and distributed through the mass in a manner to leave 
the minimum number of unoccupied spaces. 

This entire mass must be workable and sufficiently 
plastic to allow concrete to be placed in a practical and 
economical manner. As has been noted in discussing 
the factors a£Fecting permanence, only enough water 
should be used to make the mass plastic, this being 
sufficient, usually, to effect a reasonably complete 
hydration of the cement, and to provide water which 
the dry aggregates will absorb to the point of their 
saturation. 

To a small degree, water in concrete acts as a lubri- 
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cant for the particles of aggregates^ and makes it pos- 
sible thoroughly to work into place both large and small 
particles, producing a more compact mass. Mention 
has also been made of the detriment that an excess 
amount of water causes, and its influence upon strength 
is due to the excessive porosity of the concrete, which 
follows the evaporation and drying out of the excess 
water, which has occupied spaces that otherwise would 
have held cement mortar, and because this water tends 
to wash away from the surfaces of the aggregate a 
portion of this mortar, which otherwise would act to 
bind the mass into a true, artificial stone. Further, 
excess water may easily cause a separation of the 
heavier and lighter portions of the aggregate by per- 
mitting large fragments to sink rapidly to the bottom 
of the layer, giving the appearance of a deposit of strat- 
ified rod^ in which the boundary between successive 
layers of the concrete may be easily distinguished be- 
cause the larger aggregates lack sufficient cement mor- 
tar to bind them properly and are frequently porous to 
a great degree. 

It 18 believed, also, that the crazing and cracking of 
surfaces, and the ease with which comers of concrete 
may sometimes be knocked o£F, is traceable to excess 
water, which carries with it the lighter particles of the 
cement and any dirt that may have been introduced 
with sand or the larger aggregates. This, the pulpy 
material, often rises in the form of a scum, varying in 
thickness from just enough to be noticed to a matter 
of inches. This foamslike material often marks the 
completion of a day's work. It has no binding quali- 
ties, and therefore in good construction is carefully 
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removed before the next layer of concrete is added. 
Unless this is done, there is sure to be a line, of vary- 
ing width, that will be easily penetrated by moisture, 
and in time enough water may creep in to produce a 
slimy mass from this laitance, which is therefore a 
constant source of danger and a probable cause of ulti- 
mate failure. Some experts contend that this efflores- 
cent substance has its origin in the soluble sulphides 
and chlorides that may be present in some cements. 

In the design of concrete it is customary to use a 
bag of cement as the unit. This weighs approximately 
ninety-four pounds, and is also so near a cubic foot 
that it is so considered in most calculations. In a 
series of tests on the proper proportion of water, re- 
sults were obtained which are given here to emphasize 
the importance of having just the right amount of 
moisture in the mixture. 

The best way of determining the influence of excess 
water is to ma^e up a series of test pieces, which can 
be subjected to stresses at the same period in the Hf e 
of each test specimen. The resistance to compression 
is a test chosen in this instance, and when using 0.6 
pints of water per cubic foot of dry materials, this 
resistance equaled, in one series of tests, 4090 pounds 
per square inch when the specimen was one month old 
and 4970 pounds at the end of sixty days. This was 
stiff, pasty concrete, probably too stiff to be worked 
economically in large masses. A test at one month 
with a freely flowing mixture, which would be easy to 
place in large masses, gave averages of 3380 and 4012 
pounds, with these values increased to 4920 and 5160 
at two months. In this case 5.3 pounds of water had 
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been used. When this amount of water was increased 
to 6.5 pounds per cubic foot^ the resulting consistency 
was at once recognized as that so often used on high- 
ways and in reinforced concrete construction. At the 
end of one mouthy averages on this class of concrete 
gave 2920 and 3280 pounds per square inch; these 
averages rising to 3820 and 3990 pounds per square 
inch at two months. 

The tests were not carried beyond the use of 7.8 
pounds of water per cubic foot of dry material, for this 
gave a watery mixture that should never be used, and 
produced strengths of but 2730 at one month and 3050 
per square inch at two months. As a result of this 
work, the committer directing investigations concluded 
that in road-making not more than six pounds of water 
should be used per cubic foot of dry material, includ- 
ing the cement as well as the aggregate. Due allow- 
ance must be made for wet aggregate, such as stone ex- 
posed to the rain, and also for the excessive dryness of 
materials used in hot weather. 

Work of this nature has given rise to three terms 
often found in engineering specifications: '^ quaky" is 
used to describe a mass that will not flow readily, that 
is rather stiff, and upon which water can be brought to 
the surface if it is tamped slightly; a ** mushy** mixture 
is one that can be readily worked into place by spading, 
but it is not watery; a mixture that flows into place 
and requires no manipulation in the forms is a ''fluid** 
mixture. It seems certain that the most desirable con- 
sistencies for concrete, where satisfactory strength 
and durability are expected, are those that are quaky 
or mushy. 
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From all this, it is evident that proper mixing is 
another essential, and much research has been ex- 
pended upon mixing-drums to provide designs that 
will insure complete and thorough mixing during the 
minute which is the length of time usually required. 
Such mixing-drums cause the material to shower from 
the top of the drum through the material which is be- 
ing lifted by interior plates and discharged by pick-up 
buckets to different points of the drum. One of the 
mixers claims no fewer than five mixing actions, which 
follow one another in rapid succession until the con- 
tents are finally discharged. 

Since the cement in concrete is there as a binder, 
much attention has been given to the aggregates, for 
they must bear the brunt of the wear. Coarse and 
fine aggregates have been defined. It is important 
that, in choosing fine aggregates, organic impurities 
be excluded, and before any sand can be used it must 
be determined to what extent organic materials are 
present. 

The important characteristics of sand for use in con- 
crete are durability, cleanness, and grading. Obvi- 
ously, particles that are soft cannot satisfactorily with- 
stand wear; and, unless satisfactory grading is carried 
on, the proportions required by our definition of a 
satisfactory mixture cannot be secured. 

Experience in concrete construction has shown that 
it is not safe to judge the cleanness of a sand by its 
superficial appearance. It has been found, for ex- 
ample, that, if durability and grading are satisfactory, 
a sand that may appear dirty will give good results, 
providing only that this dirt is not composed of or- 
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ganic materiaL Then, too, sand that appears clean 
may in fact have its granules filmed over with enough 
organic material to prevent satisfactory bonding. 

The commonest tests that have been used in judging 
a sand have been the determination of silt and the 
loss of weight upon igniting the sand, in which test the 
sand is heated to redness to destroy organic materials. 
The silt test gives no information concerning organic 
impurities, and has to do only with loam; while loss 
on ignition is not a satisfactory method. Organic im- 
purities not only prevent suitable bonding, but they 
actually prevent the setting and hardening of cement. 
When present in large quantities, or even in very small 
quantities, they produce a decidedly injurious effect by 
retarding hardening. Clay, on the other hand, will 
simply cause a reduction in strength. 

Fortunately, researches have developed a simple 
colorimetric test which anyone can apply for the pur- 
pose of determining the presence of humus or similar 
organic matter in sands. This research has been con- 
ducted conjointly by the American Society for Testing 
Materials, the Structural Materials Research Labora- 
tory, and the Portland Cement Association. These 
tests are of two characters— one that is useful in field 
work; and another, giving more accurate results, to 
be employed in the laboratory. These two methods 
really differ only in the accuracy with which the colors 
obtained are measured, the laboratory affording 
methods for comparing the results with definite color 
standards. 

The sand under consideration is shaken thoroughly 
in a dilute solution of sodium hydroxide, which is 
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easily obtainable at any drug-store. The solution is 
3 per cent, sodium hydroxide, and is conveniently made 
by dissolving one ounce of sodium hydroxide in enough 
water to make 32 ounces of solution. The mixture is 
allowed to stand a few hours and the color is noted. 
A convenient apparatus is to be found in 12-ounce grad- 
uated prescription bottles, and the reconunended pro- 
cedure is to fill such a bottle to the 4H-ounce mark 
with the sand to be tested. The 3 per cent, solution of 
sodium hydroxide is then added until the volume of the 
sand and solution, after thorough shaking, makes 7 
ounces. After again shaking very thoroughly, the 
stoppered bottle is allowed to stand for twenty-four 
hours, and, while a good idea of the result can be gained 
sooner, it is reconunended that, when possible, this in- 
terval of time be allowed to elapse for the most reli- 
able results. 

The results are interpreted on a basis of experience. 
It has been found that if the solution remains colorless, 
or if only a slight yellow color develops, the amount 
of organic impurities present is small enough to cause 
no concern. On the other hand, if a dark-colored solu- 
tion is developed, the sand should not be used in high- 
ways or pavement, or in building construction. Those 
sands producing fhe deeper shades of yellow colored 
fluids are useful only for lighter work; and if ap- 
proaching a brown shade it may be concluded that such 
sand is not only unsuited for any type of concrete, but 
that a small quantity of such material might render a 
considerably larger volume of sand unsuitable for 
any application in concrete construction. 

This test has been found so satisfactory that it is 
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sometimes introduced in the specifications. To make 
such dirty sands useful, they are sometimes washed. 
When properly done this should reduce the percentage 
of organic impurities to a point where the sand can 
be employed; but a second test should invariably be 
made with the washed sand. That washed sand is 
frequently suitable, and is often available in quantity 
where other materials are hard to obtain, has led to 
the design of special plants for washing and grading 
sand. 

In the case of a dam, gravel from an adjacent pit 
was conveyed by special cars and a belt conveyor to 
the top of a series of screens combined with devices for 
washing the material, and thence to bins where it was 
stored prior to conveyance to the mixer. This wash- 
ing plant was favorably located, both with reference to 
the source of raw materials and also to the mixer, and 
could use quantities of water from the river across 
which the dam was being thrown. Satisfactory coarse 
and fine aggregates resulted from this contrivance. 
The sand delivered was less than ^ inch in size, the 
fine gravel from ^ inch to 1% inches, and the coarse 
aggregate from IH to 3 inches. 

While organic impurities directly affect the strength 
of concrete, silt that may be contained in sand or mixed 
with aggregates produces no effect upon this charac- 
teristic. It does, however, have a tendency to rise to 
the surface when the concrete is compacted in place, 
forming a sort of film on the top, which is objection- 
able and which must be removed when placing concrete 
in layers. 

Although silt can be determined with accuraoy only 
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in the laboratory, it can at least be detected in the 
field. A volumetric test is usually made whereby, with 
washing methods, the amount of silt by volume in a 
given sand or small aggregate can be roughly deter- 
mined. 

In judging the suitability of sands, the coarse clean 
Ottawa, Illinois, sand has been taken as the standard, 
and most of the work in testing goes back tathe Ottawa 
sand. Thus a fine aggregate should be of such quality 
that mortar made by mixing one part of Portland 
cement with three parts of the fine aggregate by weight 
when made into briquets, described in the chapter on 
testing, or into cylinders, should show a tensile or a 
compressive strength at seven and at twenty-eight days, 
equal at least to the strength of similar briquets or 
cylinders made from one part of the same cement and 
three parts of standard Ottawa sand by weight. Care 
must be taken in such tests to have the consistency of 
the test mix and the standard mix the same. 

The coarser aggregates, which, like the finer ones, 
are often specified by the size of opening in a sieve 
which they must pass and the size of mesh identical in 
form upon which they are retained, should consist of 
clean, durable broken rock or pebbles, graded in size 
and free from dirt and organic matter. In ordinary 
concrete it is customary to use fragments graded from 
1% inches down, with not more than 5 per cent, pass- 
ing a screen having four meshes to the linear inch. 
For reinforced concrete the grading may be from 1 
inch down. However, in large masses of concrete 
larger stones are often embedded, providing they do 
not come nearer than 6 inches to the outer surface of 
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the mass and are not placed nearer than 6 inches be- 
tween their surfaces. It is customary to limit the 
amount of such stone that can be embedded, 30 per cent, 
being a usual allowance. In the use of this rubble 
stone a phrase has become established in the industry, 
the maYJmum usable stone often being described as ^^a 
one-man stone,** indicating that stones too great for 
one man to manage are considered too large for this 
purpose. 

In the early development of concrete there was a be- 
lief that only certain types of aggregates could be used 
with safety, and on many a piece of construction a con- 
tractor has been compelled to bring from a distance 
aggregates that would meet the specifications. It has 
been found that the older specifications can be con- 
siderably modified. One investigator, in determining 
the resistance to blows, learned that such resistance de- 
pends directly upon the elasticity and toughness of the 
aggregate primarily, and on the hardening period of 
the concrete in the second place, rather than upon the 
cement. It is assumed, of course, that in any case 
sufficient cement would be used to form a good binder. 
This experimental work was done upon small cubes 
arranged under a miniature pile-driver. Wearing qual- 
ities are the first consideration in selecting an aggre- 
gate, and the next step is to devise a method for com- 
bining material of different sizes to produce concrete 
mixtures that will develop predetermined strength. 
In cases to which reference has been made, where con- 
tractors have brought their aggregates from afar, this 
has frequently been necessary merely to suit the grad- 
ing stipulated for the coarse aggregate, and not be- 
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cause looal material did not have proper wearing quali- 
ties. 

It was to determine a rational method for combining 
aggregates differing widely in size and grading so as to 
produce concrete equaling in strength that made of 
aggregates heretofore approved, that the sieve analy- 
sis method was devised. 

The experimental work has given rise to the term 
'^ fineness modulus of the aggregate.'' This furnishes 
a method for measuring the size of the aggregate and 
grading it, and foe determining what mixture can be 
made with it to produce concrete of satisfactory 
strength. The sum of the percentages in the sieve 
analysis of the aggregate, divided by 100, gives the 
fineness modulus. In' determining this value, standard 
sieves of square-mesh wire cloth are used, the sieves 
being chosen so that tha square opening of each suc- 
ceeding sieve is exactly -double that of its predecessor. 
Beginning with the finest, these sieves have 100, 48, 
28, 14, 8, 4 meshes per linear inch, and then meshes 
%, %, and 1% inch. 

Many different series of tests have shown that for 
a given plastic condition of concrete there is an inti- 
mate relation between the fineness modulus of the 
aggregate and strength and other properties of the con- 
crete. This is due, really, to the fact that the fineness 
modulus indicates what changes are necessary in the 
amount of water to be used in proportion to the dry 
material, to give a plastic condition to the mixture. 
Professor Duff A. Abrams, in discussing the steps 
in the design of concrete mixtures, points out that when 
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the compressive strength of the concrete has been de- 
cided upon, reference may be made to a curve, plotted 
as a result of his researches, indicating the relation be- 
tween strength of concrete and water content, and the 
maximum water ratio which may be used determined 
by such reference. From this point on the problem is 
simply that of securing a workable concrete, using this 
water ratio and a minimum quantity of cement. To 
accomplish this the aggregate must be graded as coarse 
as permissible. Experience or trial is the only guide 
in determining the relative consistency of concrete nec- 
essary for the work at the moment, and the driest work- 
able consistency should be used. It follows that the 
size of aggregate available— or which must be used — 
and the other factors will furnish a guide as to the mix- 
ture which can be employed. It is customary to ex- 
press this mixture as one volume of cement to a given 
number of volumes of fine aggregate and of coarse 
aggregate. 

The next step is to make a sieve analysis of the fine 
and coarse aggregates, using such sieves as have been 
described and expressing the results in terms of per- 
centages of material by weight, coarser than each of 
the standard sieves. The values so found are added 
and divided by one hundred, giving the fineness modu- 
lus of the fine and of the coarse aggregates. 

Now, if more than 20 per cent, of the aggregate is 
coarser than a given sieve, the maximum size shall 
be taken as the next larger sieve in the standard set; 
if 'between 11 and 20 per cent, is coarser than a given 
sieve, the maximum size is arbitrarily taken as the 
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next larger half -sieve; if less than 10 per cent, is 
coarser than certain sieves, the smallest of these sieve 
sizes is considered the TnnYinrmTn size. 

The next step is to determine from the table the 
maximum value of fineness modulus which may be used 
for the mix, kind, and size of aggregate and the work 
under consideration. The percentages of fine and 
coarse aggregates required to produce the fineness 
modulus desired for the final aggregate are computed 
by applying this formula : When p is the percentage of 
fine aggregate in the total mixture, A the fineness 
modulus of coarse aggregate, B the fineness modulus 
of final aggregate mixture, and C the fineness modulus 

A-B 

of fine aggregate, then p = 100 -r-p • 

It will be seen then that, based upon such analyses 
and the use of diagrams and curves which have been 
plotted as the result of experimental work for the use 
of those responsible for the design of concrete mix- 
tures, it is easily possible to choose proper proportions 
of available aggregates by sieving to make the con- 
crete of desired strength, as has been indicated above. 
This necessitates choosing the strength that the con- 
templated structure must have, the water ratio that can 
be trusted to give that strength, and the proportion 
and grades of available aggregates that, with the Port- 
land cement to be used, will produce a plastic mixture 
capable of giving the required service. 

It is often considered desirable to subject aggre- 
gates to wearing tests ; but changes are being made in 
the maximum resistance that must be shown by such 
material before it is used. This is known as French 
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coefficient of wear, an arbitrary scale long familiar to 
those concerned in highway construction. 

Assuming that a properly designed concrete mix- 
ture has been prepared, the next problem is that of so 
placing it as to produce the best results. Forms play 
slu important part in this procedure, and the function 
of reinforcement is discussed elsewhere. Much de- 
pends upon so placing the forms that there will be no 
yielding; as the pressure exerted by the fresh concrete 
increases, forms must also be tight enough to prevent 
the leakage of mortar, and designed so that they can 
be easily removed when setting has progressed far 
enough. This is frequently accomplished by bevels. 
It is desirable to have the exposed surface of the forms 
made of sound lumber of uniform thickness, with edges 
tongued and grooved or beveled to make tight joints, 
and in the case of beams, arches, and the like, care must 
be taken to permit the completion of the work without 
any sagging or deformation of the member. Floor 
supports, arches, and the like should remain in place 
for a considerable time, affording not only main- 
tenance but also protection during the balance of 
construction. 

The workman is often forgetful of the fact that the 
form for concrete is a mold that will impart to the 
finished materia] the same character of surface as is 
given the mold. It is sometimes possible to trowel 
over or otherwise treat the green concrete surface or 
other formed material ; but in many cases the character 
of the lumber used is all too visible. It must be re- 
membered that concrete cannot be easily twisted about 
to straighten out the kinks or to erase unsightly or ir- 
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regular lines, and care put into the forms is usually a 
good investment. 

Wooden forms are treated to prevent concrete from 
adhering to them, a satisfactory preparation for this 
purpose being boiled linseed oil or a coat of ordinary 
whitewash. Crude oil will discolor concrete and there- 
fore is objectionable. 

On large construction projects it is customary to 
elevate concrete to towers from which chutes and gut- 
ters radiate to carry the material to different parts of 
the structure. In some instances this method is dis- 
advantageous. The placing of large amounts of con- 
crete at one time may interfere with properly work- 
ing the material into all parts of the form by the pro- 
cess called spading; when smaller quantities are de- 
posited at one time it facilitates spading and insures a 
proper distribution of the concrete in the mixture. 
Then, too, where such chutes are employed there is 
liable to be an excess of water. This not only produces 
a more fluid mixture, which readily flows on gradual 
grades, but serves as a lubricant as well, wetting the 
iron surface of the chute. If a grade is sufficiently 
steep to permit the ready flow of a satisfactory mix- 
ture, it will be found that it is rarely less than thirty 
feet in one hundred, which necessitates a height of 
tower expensive to erect. 

That compacting and thorough working of the con- 
crete into all recesses of the forms is important is 
indicated by the effect of vibration and jigging upon 
the strength of concrete. Here again we must resort 
to laboratory tests to give us the foimdation for our 
conclusion, and in this case cylinders six by twelve 
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inches were empIoyecL While these cylinders were still 
in steel forms, violent vibration was produced by 
holding an electric motor against the side of the f orm, 
and to increase the vibration the motor was equipped 
with an eccentric fly-wheel weighing about twelve 
pounds, running a thousand revolutions a minute. 
Jigging was accomplished by the use of a table raised 
and dropped by cams, the drop being about one tenth 
of an inch, and usually one hundred drops a minute 
were secured. 

With these tests tamping or hand puddling was car- 
ried on for comparison. The results clearly indicated 
that jigging, tamping, and vibration are of value for 
getting concrete into place, particularly in complex 
forms and about reinforced bars; but that, after the 
concrete is in place, severe vibration or such continual 
agitation as tamping produces does no good and may 
prove harmful. Obviously, dryer concrete could be 
worked into place with the help of vibration to better 
advantage than otherwise, and therefore would show 
better strength, which, it must be remembered, is pri- 
marily due to the fact that less water has been used 
in the mixture. Therefore, if some feasible method 
could be devised for the use of vibration on a com- 
mercial scale, it might lead to the use of somewhat 
dryer concrete and, at the same time, aggregates of a 
somewhat coarser grading, here again making possible 
the use of smaller quantities of water. 

These tests further showed that, whatever the 
method used to compact concrete, including the use of 
the roller in finishing roadways, excess water brought 
to the surface must be removed. 
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In depositing concrete, it should be placed in its final 
position as soon after mixing as is possible, and it is 
good practice to roughen and clean the surface of one 
layer before a second is put in place. After cleaning 
and wetting, it is customary to go over such a surface 
with a cement mortar made of one sack of Portland 
cement mixed with two and a half cubic feet of fine 
aggregate. The finishing of concrete surfaces, after 
the forms have been removed, has become an art and is 
discussed in Chapter XI. Usually a float, or trowel, is 
employed to give a surface a color as nearly uniform 
as possible; but there are a variety of ways for treat- 
ing the surface to produce effects that approach the 
artistic. 

By reference to the discussion on the chemistry in- 
volved in the hardening of cement, it will be seen that 
the curing process is one to be considered carefully, 
and steps should be taken to provide sufficient mois- 
ture for ten days, at least, after the forms have been 
removed. In this way hydration can proceed and as- 
sist in the development of desired strength. 

The possibility of using an almost limitless variety 
of aggregates with Portland cement as a binder makes 
it clear that no structural material offers quite so 
many advantages as does concrete. It can be made 
to take forms nearly as delicate as can be fashioned in 
wood. These can be obtained at a cost far less than 
in any other medium equaling or approaching the 
permanence of concrete, and with the skilful manipu- 
lation of concretes, together with the treatment of 
surfaces, a variety of results can be produced which 
are not to be found in any other material. Evidences 
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of this confront us on every hand, and special atten- 
tion is called to certain achievements recited in other 
chapters. 

It has been indicated elsewhere that TnaxininTn 
strength in cement and concrete structures is realized 
only after a considerable period of time, during which 
the hydration of the cement takes place slowly, neces- 
sitating a minimum curing period of ten days in most 
cases. It has also been pointed out that certain types 
of concrete reach their maximum strength in not less 
than a year's time; and yet, it is frequently necessary 
to have concrete that will harden very much more 
quickly, and this can be accomplished only with 
cements designed on somewhat different lines from 
standard Portland cement 

For example, in military operations it is frequently 
desirable to have as great a portion of the strength that 
a concrete is able to develop to be reached within twenty- 
four hours. This would be the case in laying founda- 
tions for heavy guns and in preparing a newly acquired 
position for defense against early attack. The problem 
of cements that will produce quickly hardening con- 
crete has been attacked by the Bureau of Standards, 
and in an experimental kiln of semi-commercial size 
a number of cements have been prepared that do de- 
velop very high early strength. To make such 
cements commercial it has been necessary to consider 
ordinary methods of manufacture in their prepara- 
tion, leaving variations to fall upon the compositions 
of materials and certain details in the operation of 
apparatus to be found in all cement plants. 

The composition of the materials making up the raw 
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mixtures embraced limestones and calcined alumina, 
while in other causes the alumina was replaced i>artl7 
by kaolin, the high-grade clay used in pottery, or 
bauxite — ^a clay that is high in compounds of alumina 
and affords us our raw material for the preparation of 
the important metal aluminuuL 

In studying the possibilities, Sorel cement, which 
has been described elsewhere, was of course con- 
sidered, for it had been unofficially reported that con- 
crete made with such a cement had been used in mili- 
tary operations. Work with the magnesium oxide and 
magnesium chloride, which was first used in 1853 by 
Sorel, at least indicated that impurities are permis- 
sible to a degree, but that the resulting cement be- 
comes of better and better quality as the ingredients 
used become more pure. 

Working with compositions similar to those used in 
flooring — such as 50 per cent, magnesia, 12 per cent, 
asbestos, 10 per cent, sawdust, 22 per cent, ground 
sand, and 6 per cent, iron oxide, all by weight, mixed 
with 52 per cent, of a solution of magnesium chloride 
having a gravity of 1.885 — ^tension and composition 
tests were made. These were applied at twenty-four 
hours, seven days, twenty-eight days, and ninety- 
eight days. Eesults obtained indicated strengths that 
showed the possibility of producing strong concretes 
with such a cement; but in the design of such a mix- 
ture due allowance had to be made for the difference 
in the volume occupied by the same weight of Port- 
land cement and Sorel cement. Magnesia weighs but 
51 pounds to the cubic foot, whereas Portland cement 
averages about 94 pounds. Using gravel and coarse 
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sand as aggregates, the specimen showed that the 
Sorel cement concretes have a strength at forty-eight 
hours greater than that obtained by Portland cement 
in seven days; bnt there is little increase in the 
strength of the Sorel cement concrete after the forty- 
eight-honr period. 

One advantage in the use of Sorel cement is that 
concrete made with it cannot be frozen, for the freez- 
ing-point of the magnesium chloride solution used in 
its production is so low that no care need be taken 
to prevent damage caused by low temperatures. To 
be sure, low temperature will retard its setting. 

By referring to the chapter on the principles under- 
lying the hardening of cement, it will be noted that 
tricalcium aluminate has the ability to set quickly, and 
in the experiments under discussion it was decided to 
try calcium aluminate cements. When aluminates 
react with water, hydrated alumina must be formed, 
as it is this colloid ihat furnishes the greater part of 
the cementitious material in such compounds. It is 
further desirable to have as large a quantity of alu- 
mina present as possible. 

The compound that has four molecules of calcium 
oxide combined with five of alumina oxide will, of 
course, give the most, while that of five molecules of 
calcium oxide with three of aluminum oxide will give 
the minimum. With the higher alumina content the 
reaction with water is slower, and consequently the 
time of setting will be slower. This is especially true 
where a considerable quantity of silicate, which re- 
duces the amount of alumina, is present, and such 
silicate also retards the setting time. It will be re- 
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called that some ccMnpoonds of the oxides of calcinm 
alumina and silica react so slowly with water that no 
cementing material is formed. A comparison of eight 
of these experimental cements shows that a standard 
sand mortar mode- from calcium aluminate cement 
developed a conipressive strength of 8,610 pounds to 
the square inch at seven days. This was the greatest 
strength produced, and the composition of this ma- 
terial was as follows: 

Silicon oxide 0.68 per cent. 

Aluminum oxide 74.11 per cent. 

Iron oxide 0.40 per cent 

Calcium oxide 23.82 per cent. 

Magnesium oxide 0.81 per cent. 

Of course, the high early strengths shown by such 
cements are due entirely to the more rapid and 
thorough hydration of the cement. 

The greater the amount of the alumina present as 
an aluminate of lime, the greater will be the early 
strength, and, under certain conditions of curing, a 
marked increase may be obtained in strength with 
aging, which does not extend over a long period. An 
excess of water during the curing stage is to be 
avoided; but moisture, usually present in the air, is 
not sufficient to be detrimental. 
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CHAPTER Vin 

BEIKFOBCEMENT 

In discussing the development of the cement-gun, the 
point is made that improvements in engineering do 
not always originate with engineers. The use of rein- 
forcement in concrete arose from the work of a French 
gardener who introduced metal parts in the manufac- 
ture of flower-pots. The early reinforced concrete was 
called armored concrete, and, from the introduction of 
the first system by Monier in 1867, down to the present 
time, there has been a wide variety of systems de- 
veloped with the idea of securing greater elasticity and 
resistance to shock in concrete structures. 

While 1867 has been given as the date of the first 
system for reinforcing, it must not be supposed that 
those ancient engineers .who understood the use of 
cement overlooked the introduction of rods and wire 
to strengthen their own structures. Numerous evi- 
dences of reinforcing have been found in the work, 
and the Romans particularly were in the habit of using 
bronze rods, crossed and otherwise placed, to take the 
stress due to tension. 

The use of reinforced concrete began by following 
various tyi>es of frame construction in using concrete, 
and endeavoring to support the concrete members in 
such a way that they would safely carry imposed loads. 

85 
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Some of the early work consisted in constructing an 
arched floor between T-shaped iron joists. This was 
introduced by Dennett at Nottingham in 1857. These 
arches were of short span, and little if any reinforce- 
ment was used in the various members. The year 
1867 saw the patenting of Scott's method of rein- 
forcement, and a span of one hundred and thirty-two 
feet was used in a bridge in the Paris aqueduct. 

Fortunately, the coefficients of expansion of concrete 
and iron and steel are practically the same, and the 
two classes of materials can be used together with de- 
cidedly beneficial results to each. It has been pointed 
out, in the discussion of mortar applied by the cement- 
gun or other mechanical means, that a thin layer of 
cement mortar over a metallic surface constitutes one 
of the best means of protecting the metal against cor- 
rosion and fire. It has also been indicated that the 
compressive strength of concrete is many times its 
ability to resist stresses due to tension. Iron and steel 
resist these stresses unusually well, and by suitably 
placing the right amount of metal reinforcement in 
the concrete member it is enabled to resist shock and 
has instituted in it the desired characteristic — elastic- 
ity. 

Whatever the placement of the reinforcing members, 
one of the prime considerations is that of a suitable 
bond between the metal and the cement. This bond is 
due to friction, to molecular adhesion, and to the grip 
that the concrete has upon the metal due to shrinkage, 
which takes place during the hardening of the mass. 
It is not believed that simple twists in the rods and 
bars, or special cormgationsi tend to improve the bond. 
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and of course paints and similar materials used to 
protect metal surfaces cannot be used on the reinforc- 
ing metal for fear that a proper bond cannot be secured. 
Where the metal should be given extra protection, as in 
concrete ships, zinc or galvanizing has been employed, 
this being an effective method for protecting iron and 
steel against oxidation, while at the same time afford- 
ing a bonding surface for the cement. As has been 
said, reinforced concrete design has followed timber 
construction of the mill type, using columns and vari- 
ous methods for supporting piers from these columns. 
There has been a continual effort to reduce the num- 
ber of members and to simplify the construction. 
This not only contributes toward lessening the cost 
incident to placing and supporting intricate forms, but 
strives to eliminate any obstructions that would inter- 
fere with proper lighting, especially in lofts. 

A type of construction popularly known as mush- 
room construction derives its name from the arrange- 
ment of the reinforcing rods and the rapidity with 
which a building can be erected by this method. The 
structure is practically monolithic. Under this method 
the floor slabs in reality form a continuous concrete 
structure with the top of the column, from which the 
reinforcing rods flare out radially to support the floor. 
Some unusual records for speedy construction have 
been made, particularly on buildings of unusual size. 
The spans in mushroom construction are from fourteen 
to thirty feet, and the ceilings are flat, obstructing the 
Ught UtUe if at all. 

The position and arrangement of the reinforcement 
is all-important, and several failures of reinforced con- 
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Crete strnotures have been due to errors in this re- 
spect. Hence the strict specifications with regard to 
lapping reinf orcementy and to the weight of metal per 
one hnndred square feet in special material such as 
reinforcing wire mesh, and the precaution constantly 
sounded of securely tying in place all reinforcing mem- 
bersy especially where they cross. Corrugations in 
bars assist materially in wiring them in place. 

Welding may often be advantageously employed, and 
in ship construction electric welding has been found 
most advantageous. 

The desirability of knowing just how the reinforce- 
ment is distributed after the concrete has been poured, 
has led to the development of special tests, some of 
which involve the use of the X-ray, with which concrete 
joints may be examined and any displacement of the 
reinforcement located. There have been numerous de- 
signs, which depend upon some peculiar shape of the 
reinforcing bar to distribute the load evenly and secure 
the necessary strength at given points. Many of these 
peculiar bars have failed to substantiate in practice 
the claims made for them. 

Reinforcement may be used wherever concrete is 
employed, and often concrete cannot be installed un- 
less reinforcement is included. The design of the 
structure comes down, on the whole, to the special re- 
quirements in accordance with which the amount of 
reinforcement, its shape and placement, must be de- 
cided. 

Some of the fundamentals of reinforced concrete de- 
sign may be recalled here. We may repeat that all ma- 
terials employed are so disposed, with regard to posi- 
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tion and amonntSi that each resists stresses that it is 
best fitted to resist, and the column performs, there- 
fore, as a homogeneous unit. In columns, posts, etc., 
the compression or ability to sustain loads is borne 
principally by the concrete, although some assistance is 
rendered by the steel; but when tension takes place 
and any bending occurs, this must be borne by the 
vertical steel. In reinforced beams three forces 
are at work — ^namely, compression, tension, and 
ahear. 

In square columns the reinforcing bars are set in the 
concrete at such a distance from the surface as to pro- 
tect the steel in case of fire. The concrete outside the 
steel assists in carrying the load, but it cannot be de- 
pended upon after a severe fire, and consequently is 
neglected in calculating the load that it can safely bear. 
In a column eight by eight inches, four bars, each half 
an inch square, may be used, placed so that they form 
comers of an area five by five inches ; and in calcula- 
tions this area of twenty-five square inches will be 
reckoned as the size of the column. 

The maximum per cent, of steel permitted in columns 
of this type is four, and some building ordinances limit 
it to three per cent When a load is applied to the top 
of the column and the steel bars bear their share, they 
may bend, because in a fifteen-foot column the slender- 
nesa ratio is large. Suitable ties, therefore, are 
placed around upright bars, and spaced at intervids not 
exceeding twelve times the thickness of the vertical 
bars. This means that, in such a column as we have 
described as an illustration, the ties will be six inches 
apart, and these ties are held in place by iron, the ends 
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of which are turned in far enough to be gripped by the 
concrete so that they cannot be pnlled ont. 

The point was made in an earlier paragraph that the 
reinforced column must act as a homogeneous unit. 
This means that steel capable of carrying greater loads 
than the concrete must not be used, or the concrete will 
be stripped from the reinforcement and the colunm will 
fail The amount of steel used must not give a stress 
exceeding concrete stresses multiplied by the ratio of 
deformation. Each square inch of steel is equal to 
fifteen square inches of concrete, as has been shown by 
careful measurements of the decrease in the length of 
a piece of steel and that of concrete of the same size 
loaded with equal loads. Both materials shorten under 
these conditions. Steel shortens one-fifteenth as much 
as does the concrete. 

This is a very simple example of the precautions that 
must be taken in designing all kinds of reinforced con- 
crete members. Concrete has ten times greater 
strength in compression than in tension. The stresses 
on beams aflfect concrete somewhat differently than in 
the case of columns. In a column a high compressive 
stress on the concrete may strip it from the steel, and 
in beams the high tensile stress in the concrete does 
nothing more than crack it, leaving the concrete be- 
tween cracks, to cling to the steel and to protect it 
from corrosion. 

In columns hooped reinforcement is sometimes used, 
the iron being wound spirally around the core of the 
concrete. Vertical steel is used, and the steel spiral is 
wound around it. A spiral of this type does not begin 
to give until the concrete is on the point of failing. 
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Therefore, in effect it is the same as increasing the 
strength of the concrete in compression, and in the form 
of a spiral, steel is more than twice as effective as the 
same amount would be in a vertical position. 

Owing to the different behavior of mixtures entering 
in the construction of composite concrete blocks, it is 
often necessary to use reinforcement, even in so small 
a unit Barbed wire has been found satisfactory for 
this purpose, tending to hold different parts of the 
block in position. Stirrups act to enable concrete to 
bear shearing stresses, just as spikes and bolts used in 
a number of timbers prevent the slipping of one plank 
past the adjoining plank in a horizontal movement. 
Stirrups should be fastened to the steel placed to bear 
the tension, asd not simply looped aroimd it. Stirrups 
must extend far enough above the axis to develop bond. 
There are a number of excellent hand-books for en- 
gineers, and texts intended for self-taught men, which 
go into detail on all factors entering into reinforced 
concrete design. This data would be out of place here, 
since it is our purpose to explain the purpose of rein- 
forcement and to indicate how necessary it is to use 
the right amount in the right place, and not to make 
every man his own concrete engineer. It can be 
pointed out, however, that, if for any reason concrete 
cracks, the steel in the reinforcement will carry all 
the tension with a stress of twelve thousand pounds to 
the square inch. Cracks are likely to occur where oc- 
casionally a poorly mixed batch of concrete has been 
deposited, where construction joints are defective, 
idiere forms have been removed too roughly, or where 
excessive temperature changes have taken place. In- 
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adequate foundation is also a possible seat of trouble. 

So much has been made of the point that reinforced 
concrete columns are fire-proof that some time ago co- 
operative tests on full commercial-scale columns were 
arranged by the Underwriters' Laboratory, the in- 
surance interests, and the manufacturers of the ma- 
terials under test A special furnace was constructed, 
in which the member under test could be heated in a 
way to duplicate the action of fires of different in- 
tensity, and at the^^^ame time loads could be applied. 
Water was played upon the hot column to duplicate the 
conditions present in a conflagration, and other physi- 
cal tests were applied by subjecting the burned column 
to impact and similar stresses that it might have to 
undergo in actual service. 

These tests have since been extended to include the 
usual hollow iron or steel column and the twelve-by- 
twelve mill timber that preceded these other structural 
materials. It is interesting to note that the hollow 
metal columns under load failed before any of the 
others, and that the wooden timbers capable of support- 
ing the same weight lasted six or seven times as long 
as these metal columns. It was found that the ulti- 
mate failure of the wood was due to the failure of the 
metal cap rather than to the destruction of the wood, 
notwithstanding the high temperature. A newly de- 
signed cap of reinforced concrete has proved itself 
equal to the requirements, and can be so made as to en- 
dure as long as the column does. 

The reinforced concrete columns have done well in- 
deed under conditions approaching those of a conflagra- 
tion. The fire tests have included different types of 



Digitized 



by Google 



BEINPORCEMENT 93 

remforoed columns using the same aggregate, several 
aggregates with the same type of column, and experi- 
ments to devise methods for safeguarding columns 
made from gravels high in their per cent, of quartz 
or granite. This has taken the form of plastering the 
column, of using a plaster in place of protective con- 
crete outside the steel, and of casing the columns in 
gypsum forms, which should take the place of pro- 
tective concrete. 

The columns used were those having vertical and 
spiral reinforcement, the columns being cylindrical; 
cylindrical columns with vertical reinforcement ; spiral 
reinforced cylinders; and vertical reinforced square 
columns. 

Results have shown that the character of the aggre- 
gate determines the tendency of the concrete to spall 
or crack away from the reinforcement. Trap-rock, 
limestone, slag, and gravel containing ninety per cent, 
of limestone pebbles are non-spalling. Granite and 
quartz, on the other hand, expand rapidly at 575^ C, 
and give trouble. Where the concrete failed because 
of spalling, the failure occurred earlier in those 
columns possessing spiral reinforcements. 

In four-hour tests non-spalling columns retained 
fifty per cent, of their strength, which indicates that 
there would be small likelihood of their failure under 
full loads in practice, due to the safety factors that are 
allowed in engineering calculations. Columns that re- 
tained their protective covering, which is from one 
and one-half to two and one-half inches thick, came 
through severe tests satisfactorily. It is to be con- 
chided that if existing columns that are not protected 
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were given a one-inch coat of Portland cement plaster, 
held in place with chicken-fence wire reinforcement, 
they would be amply safegaarded. The only question 
is, will the protective coating stay in place under fire 
conditions? 

It must not be concluded that plasters of one type or 
another will replace protective concrete coatings. The 
placement of such a protective coating on existing 
columns by means of a cement-gun or similar mechani- 
cal device is not to be considered plaster in this con- 
nection. Plasters that have been tried include Port- 
land cement and crushed cinders and a mortar com- 
posed of gypsum, lime, and sand. If plasters are to be 
used, obviously those that are heat-insulating are to 
be preferred. 
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80MB FA0T0B8 IKFLUENCINa PEHBCAKEKOE 

There are few building materials in which so many 
factors can affect permanence as in cement, and no at- 
tempt will be made to discass all of them. It seems 
important that some of them should be considered, 
more particularly since many persons look upon con- 
crete as a permanent material, regardless of certain 
limitations that should be recognized without in any 
way detracting from the desirability of using cement 
and its product universally. 

One of the apparent characteristics of concrete is 
that it changes volume. There has been a great deal 
of discussion among authorities as to whether this 
change of volume is due wholly to expansion and con- 
traction that come with fluctuations in temperature, or 
whether alternate wetting and drying of the mass may 
not contribute largely toward this behavior. Evidence 
of the expansion and contraction of pavements may 
be seen in the expansion joints, which are to be found 
at regular intervals across concrete roads, and in the 
practice of leaving a thin wooden strip between the 
concrete slabs in sidewalks, these strips being later re- 
moved to allow for the expansion of the hardened 
walk. To be sure, these changes in volume are not 
always great, but they need not be to cause consider- 
able damage unless some room for movement is allowed 
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in designing whatever structure may be under consid- 
eration. 

In the earlier investigations, measurements were 
made on test bars, and Jater refinements involved oon- 
structing the forms in such a way that a oolunm of 
concrete, measuring 4 by 4 inches in cro^-sectiop and, 
say, 3 to 4 feet in length, was left free, except at the 
ends, where the outer iron frame, on which the^ test 
was conducted, was provided with serrations, or teeth, 
so arranged that the bars were restrained at both ends. 
While still plastic, it was an easy niatter to place 
metallic plugs at fixed distances apart, so that measure- 
ments of change in length could be made with great 
accuracy. With such bars, either restrained or not, 
according to the desire of the experimenter, it has been 
comparatively easy to prove that cement is subjebt to 
expansion and contraction, to measure the amount of 
this change, and, by comparing the conditions, to learo 
something of the causes of this change in volume. This 
work has not been confined to freshly prepared materi- 
als, but sections of walk that has been in place for 
twenty years and is still in good condition have been 
observed by White at the University of Michigan, who 
sawed sections for observation from suich material. 

Now, when Portland cement is subjected to changes 
of temperature, it has been found that, on the average,' 
the richness of the cement — that is, the* proportion of 
cement used with relation to sand and gravel — ^has an 
important bearing on expansion and contraction and, 
consequently, upon the life of concrete pavements and 
walks. Changes take place more rapidly and more ex- 
tensively with an increase in the amount of Portland 
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cement used, and this explains why the top coat so 
often breaks away from the base of old cement side- 
walks in which it was customary to finish the surface 
with a comparatively rich mortar of cement and sand. 
This may also occur if the top is spread on a hardened 
base. The average figures show tha^ for each degree 
Fahrenheit there is an expansion or contraction in 
concrete of 0,0000055 or for each degree Centigrade, 
0.00001. The coefficient increases in the case of con- 
crete until it is seven months old; but after that time 
and for all practical purposes the value quoted above 
is fairly accurate. 

In the laboratory, work has been done at high tem- 
peratures, heating experimental blocks to 1500°. It 
was found that this material, upon cooling, did not re- 
turn to its original dimensions, but retained an elonga- 
tion of nearly 75 per cent of the maximum gained dur- 
ing the heating experiment 

When Portland cement, which has hardened, reacts 
with water, it seems that a colloidal cement is formed. 
This theory was first advanced by Michaelis in 1893, 
and has been developed by him later and supported in 
part by the work of other investigators. Some of these 
experiments have been carried on in glass flasks where 
the bulbs were filled with the cement and then the 
stems of the flasks were filled to a given mark with 
clear water. It was observed that in the early stages 
of setting there was an actual decrease in the absolute 
volume of the cement, for the water in the column fell 
a little in the first Hiree hours, then three times as 
much in the next twenty-four. It had decreased one 
third of an ounce at the end of seven days, and nearly 



Digitized 



by Google 



98 THE NEW STONE AGE 

half an ounce at the end of twenty-eight days. Pres- 
ently the cement began to expand, and this expansion 
would actually have forced the colunm of water into the 
necks of the flasks an even greater distance than it had 
fallen, but for the fact that, being no longer plastic, 
the cement could not flow in the direction of least resis- 
tance, but instead burst the flasks. 

In a discussion before the International Engineering 
Congress in 1915, A. H. White explains this strange be- 
havior by the action of colloidal cement, to which refer- 
ence has been made. 

Cement first reacts with the water to form a colloid 
of greater volume than the cement, but of less volume 
than the cement plus the water; but as soon as the 
cement has begun to set and has taken on rigidity, the 
process of hardening starts, because water diffuses 
through the hardened cement to fresh surfaces on the 
interior, this being indicated by the fall of the water- 
level in the neck of the flask. In other words, harden- 
ing cement requires water, as we have found in practice 
and we cover freshly laid cement with damp earth 
and burlap. After the cement has begun this part of 
the cyde, the newly formed colloid has a larger volume 
than the cement, and the pressure is exerted on the 
walls of the flask just as in practice it is exerted against 
any object with which it comes in contact. Presum- 
ably, this action of water on the hardening cement con- 
tinues until the colloid developed in the interior layers 
becomes so dense that water can no longer diffuse 
through it. In the laboratory this condition is found to 
exist after about twelve months, when no further ex- 
tension in test pieces is measurable. 
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The difference in the degree and rate of expansion 
between (tement and concrete may be explained by the 
larger number of voids or spaces not occupied in the 
concrete mass by the solid substances. These voids 
provide a place to be filled by colloid cement, and if 
concrete is sufficiently porous to accommodate such 
cement as is formed, there will, of course, be relatively 
little or no expansion; but the concrete will remain 
porous permanently, and this is not desirable, under 
most circumstances. 

This same phenomenon has been cited as explanation 
for the behavior of concrete dams. These often permit 
water to seep through them when first put in service, 
but after a time they become watertight, due, we may 
suppose, to the increasing density of the colloidal ce- 
ment formed on the side of the dam permanently in 
contact with water. 

If concrete is hardened in dry air, or after hardening 
is kept dry, it contracts or shrinks, and this shrinkage 
is greater than would have been the expansion if the 
same material had been kept in water. It is believed 
that the removal of water from the colloid by air dry- 
ing or by heating causes contraction, just as the burn- 
ing of day causes it to contract. Experiments have, 
of course, been tried with alternate wetting and drying 
of cement bars, some of the work extending over a 
period of six years, and there has not been a single 
exception noted. 

Beginning with a new set of test bars, they have been 
found to expand in the first year in the water, and then 
to remain at a constant volume for the next two years. 
If then taken from the bath and dried, a contraction 
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of 0.15 pep cent, on the average, was noticed, and on 
being immersed again in water these bars again ex- 
panded slightly more than their original length. These 
facts repeat themselves with each cycle, the bars gradu- 
ally becoming longer, showing that with each immer- 
sion for a long period more colloid cement develops, 
so that in such a series of tests the fluctuations gradu- 
ally become greater and greater. 

Another curious fact is that the reaction to immer- 
sion in water and drying in air progresses more 
rapidly with the increase in the number of cycles, ow- 
ing, no doubt, to the fact that the colloid responds more 
quickly to rehydration than does the original unhy- 
drated cement. An experiment is reported in which 
90 per cent, of the expansion noted for the first twelve 
months of continuous immersion in water was accom- 
plished in twenty-four hours in the second immersion, 
after a two months' interval of drying. 

One other point should be noted in this connection, 
and that is that with short immersions in water the 
strength of concrete falls off rapidly, reaching the low- 
est point at the end of two days. At that time the 
strength is less than two thirds that of similar material 
that has remained dry. But after two days the 
strength increases rapidly, and after twenty-five days 
in water it is decidedly greater than that of the dry 
bars. This is explainable* again by the behavior of 
the colloid cement. In those first two days only the 
outer shell was penetrated, and the resulting expan- 
sion unquestionably set up a strain between it and the 
core, which the water had not reached. 

Where high temperatures have been withstood, as in 
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a conflagration^ the gravel and sand of the concrete 
may exi)andy even though the dehydration should cause 
the colloid cement to contract. These expanded solid 
particles do not return to their original dimensions, 
so that a test har does not return to its original length, 
and a second heating will cause little variation. Such 
a bar can be made to expand by rehydrating, so that 
the colloid will again fill the spaces and cause expan- 
sion, which will again be retained by the expansion of 
sand and gravel if heated to a high temperature. 

This has an important bearing on the treatment of 
concrete structures that have suffered high tempera- 
tures. This heating, which may be very intense for a 
short time, frequently causes the outer portion of a con- 
crete column or beam to break off or spall; but the de- 
hydrated colloid in the cement that remains in place 
is capable of again taking up water and filling the 
spaces caused by expansion of the aggregate, so that 
in many instances such concrete can be wetted down 
to advantage after it has cooled. Unless an aggregate, 
such as limestone, has been used, a considerable per- 
centage of the original strength may be regained; but 
if limestone has made up the aggregate, an element of 
weakness is introduced, because it may have been 
burned to free lime, which is considered one of the 
possible weaknesses in cement 

The other extreme — freezing cement and concrete — 
depends for the extent of its effect upon the quantity 
of liquid water contained in the material at the time. 
It has been noted that cement contracts upon freezing 
at a rate almost the same as in the case of cast iron, 
and a series of successive thawings and freezings, in 
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which the thawing is under water, left the test bars 
unaffected. 

All of this work relative to the change in volume, 
whether due to temperature fluctuations or the action 
of heat and moisture, of course has a direct bearing 
upon the permanence of concrete structures in service. 
It is evident, from what has been said, that concrete 
expands when heated, and contracts when cooled; and 
it may either expand or contract when frozen, depend- 
ing upon the proportions of the cement in the concrete 
and on its previous history. This also affects the ex- 
tent of the change when the concrete is alternately 
wetted and dried. 

It has been found, further, that if concrete has been 
exposed to water for a long time, the colloid developed 
resists freezing, and therefore helps to preserve the 
bar. It is believed by many experts that the volume 
changes due to variations in moisture are considerably 
greater than those taking place when we pass from 
winter to summer. This being true, it is obvious that 
it is better to place concrete where it is continually 
wet or always dry, rather than to expose it to extreme 
changes. 

This expansion demonstrates its power in the occa- 
sional buckling of squares in the sidewalk ; sometimes 
it is a dished condition or a series of concavities in 
which pools of water gather after the rain. At times 
the sidewalk abutting against a cement curbing may 
actually push a section from the sub-base upon which it 
is laid. Sidewalks and pavements are usually subject 
to rather severe conditions ; for concrete is sufficiently 
porous actually to absorb rain, and it also gathers mois- 
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tare from the ground upon which it rests. This has 
been demonstrated by a series of measurements made 
under the auspices of the Bureau of Standards upon 
concrete highway slabs, beginning the work very 
shortly after they had been placed. 

Actual conditions under which concrete may shrink 
are those obtaining in a dry climate, in which case it 
is customary to allow the contraction of the hardening 
cement or concrete to cause cracks which serve as ex- 
pansion cracks, for it is quite unlikely that enough 
moisture will ever be present to enable it to expand to 
a dangerous extent. There have been examples of 
contraction even in a more moist atmosphere, but this 
was apparently due to the fresh concrete having been 
laid upon an old base of the same material, which pre- 
vented the passage of water from the ground to the 
new material, whereas the surface allowed ready evap- 
oration. 

Such data also indicate the desirability of using the 
same comi>osition throughout a particular piece of 
work. The cracking that has been observed in the 
older methods of applying concrete to walls was prob- 
ably due to the difference in expansion of the outer 
coating and the base, remembering that the cause of 
the expansion may have been changes in moisture to an 
even greater extent than changes in temperature. 

It must not be overlooked that the slight transverse 
longitudinal or diagonal cracks that appear from ex- 
pansion and contraction may become a source of grave 
trouble, particularly in roadways and walk; for they 
are often filled with water, and in winter the freezing 
produces larger cracks, which may further increase by 
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this process. This will ultimately destroy a stractnre 
unless maintenance, such as is suggested in the chapter 
on roadways, is carried on. 

Laboratory study on the effect of volume changes in 
concrete has been carried on at the Boyal Engineering 
Academy in Petrograd. A smnmary of the results 
may be stated as follows: The smallest changes are 
found in porous concretes made from good aged ce- 
ments and stone aggregates such as granite and lime- 
stone. If desired uniformity in massive concrete struc- 
tures is to be obtained and horizontal cracks prevented, 
the concrete must be deposited continuously, and pro- 
vision made to have the surfaces of any necessary lay- 
ers well interlocked. The maximum blocks that G^ould 
be attempted vary, of course, with the properties of the 
concrete, the structural conditions, and the influence of 
moisture and temperature. If the conditions that per- 
mit free expansion and contraction of concrete can be 
minimized, it means that greater blocks can be safely 
used. 

In some concrete structures the design should pro- 
vide for the use of single monoliths, separated by hori- 
zontal and vertical planes giving these single parts a 
great measure of independence, especially when sub- 
jected to varying loads and fluctuating atmospheric 
conditions. It is recommended that provision be made 
to protect structures from destructive atmospheric in- 
fluences, either by the use of a heavy facing or extra- 
ordinary wall surfaces or some type of water-proof 
cover. 

An example cited in proof of the seriousness of con- 
tinually wetting and drying concrete is that of docks 
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and piers, where that portion always nnder the water 
will be fonnd in good condition, as will the portion 
above high tide ; bnt, where the material is frequently 
wetted and dried alternately, deterioration begins, and 
may be helped along by the erosive action of the tides. 

Chemical composition indicates a few sources of pos- 
sible weakness, free lime being a compound to be 
avoided. Owing to the action of the carbon dioxide of 
the air upon free lime, calcium carbonate may be 
formed and expansion come by the slaking of such 
unslaked lime. The result is the appearance of cracks 
or even more rapid disintegration. The presence of 
the compounds of sulphur is another indication of pos- 
sible unsoundness, and even cinders* or ash high in 
sulphur, used as an aggregate in concrete, may give 
an unsatisfactory result. 

In cold weather it is often necessary to protect hard- 
ening cement or concrete and maintain a higher tem- 
perature over the curing material by the use of braziers 
or other devices in which fuel is burned in prox- 
imity to the concrete. The inspection of one floor 
under such conditions indicated that the results 
achieved were unsatisfactory, and, upon seeking for 
the cause, the laboratory was brought into play in 
order that conditions might be accurately duplicated. 
It was surprising to find that the carbon dioxide pres- 
ent in the products of combustion had exerted a harm- 
ful influence on the Portland cement, setting at a tem- 
perature below 40^. This was due to the formation of 
a hydrated calcium carbonate quite unstable and capa- 
ble of efflorescing at a temperature slightly higher than 
that obtaining during the curing. 
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With efSorescenoe this unstable hydrated calcium 
carbonate loses its bonding properties ; and, while the 
effect is merely on the surface, and, theref ore, could not 
affect the strength of the floor, it is apparent that it 
could easily disintegrate with unpleasant dusting and 
rapid wearing of the surface. 

If curing must be done in cold weather, the tempera- 
ture should be maintained well above 45*^, under which 
circumstances the objectionable carbonate is not so 
apt to form, and the initial setting of the cement will 
proceed more rapidly. It has been contended that con- 
crete hardened in the cold is not so permanent; but 
there is no reason to disbelieve that, if sufficient time 
is given, remembering that the hardening of concrete 
is a chemical process not directly dependent upon tem- 
perature except for speed, ultimate satisfactory 
strengths can be reached. The only provision is that 
actual freezing of the uncombined water should be 
avoided. 

Permanence is directly related to the strength of con- 
crete, and strength, in turn, has been found to depend 
upon the quantity of water used, the time the batch is 
mixed, and the care with which curing is carried on. 

It is doubtful whether any one thing has contributed 
so much to dissatisfaction with concrete as the use of 
too much water. Excess water is used at times be- 
cause of the belief that a freely flowing mixture can be 
placed to better advantage in the forms. Sometimes 
it is because excess water lubricates spouts and gutters 
through which the concrete mix is conveyed from mixer 
to forms. Again, in mixing, it may appear to the 
worker that a more homogeneous batch can be ob- 
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tained if much of water is nsed. In order to obtain 
fundamental information, the Structural Materials Re- 
search Laboratory, in cooperation with the Portland 
Cement Association, undertook a series of tests to de- 
vise a method whereby the proper consistency could be 
determined at the time concrete was being placed. 

Many different methods have been used for indicat- 
ing the consistency of concrete. The total amount of 
water to be used has been expressed as a percentage 
of the weight of the dried materials, as a percentage 
of the weight of the finished concrete, and as a per- 
centage of the weight of the cement. These methods 
of expression have not given satisfactory results, for 
all of the water used is not required by the cement, 
some of it being absorbed by the aggregate. The 
amount of water that affects the cement may be varied 
in different ways: Varying degrees of wetness can 
be produced with the same grading of aggregates and 
amount of cement by simply using different quantities 
of Water. Then the quantity of cement may be varied, 
and the richer mixtures will require a smaller percen- 
tage of water to give the same plasticity. If the nature 
of the aggregate be changed from coarse to fine, those 
carrying the finer materials will need more water. 
Any of these combinations can be changed, and every 
factor has its bearing. 

The water in a cement or concrete mixture not only 
furnishes the necessary moisture for the chemical re- 
action, but serves to help coat each of the particles of 
sand, gravel, or broken stone with a film of cementi- 
tious material. The real reason a mixture, rich in 
cement, is of greater strength than one with less cement 
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is not that more cement is used, but because the con- 
crete can be, and usually is, mixed with a quantity of 
water that is relatively lower for the richer mixtures 
than for the lean ones. If water were used in propor- 
tion to the cement employed, there would be no gain in 
strength by the addition of more cement Whereas the 
use of more cement is usually believed to afford more 
strength, in many cases nothing more has been done 
than to waste cement in using an excess amount of 
water. 

A long series of tests has shown, without question, 
that well graded aggregates and binding cement can 
perform their true function only when the right amount 
of water is used — ^and this should be the minimum with 
which a plastic, workable concrete can be prepared. 
The mixture must be workable, and to this require- 
ment can be ascribed the use of Portland cement and 
water in quantities that are not the minimunu These 
could be reduced but for that consideration. Any 
method of mixing, handling, placing, and finishing con- 
crete that will enable the amount of water used to be 
reduced to a minimum is advantageous. It must be re- 
membered, however, that mixtures that are so dry as 
not to be plastic will develop low strength. It has been 
found that in working upon a unit of one bag of cement, 
one pint more water than is necessary has the same 
effect upon the strength of the resulting concrete as if 
91 pounds instead of 94 pounds of Portland cement had 
been used. 

The best practice has been reduced to formulae, use- 
ful to engineers; and in general it may be said that a 
mixture should not be so wet that it cannot retain all 
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the water used, that it must he plastic, and that care 
should be exercised not to use aggregates too coarse 
with the quantity of cement and water employed. 

The arguments are frequently advanced that excess 
water is not harmful, for it will evaporate and disap- 
pear; and that wet concrete, while weak in the early 
stages, gains strength more rapidly than dryer mix- 
tures ; and that, where plenty of cement is used, there 
need be no excess water. The experiments that have 
been cited all go to prove that the point at which water 
stands on the surface is just 200 per cent, of the water 
that should be used for concrete developing maximum 
strength; and that, while wet concrete does gain 
strength more rapidly than dryer mixtures, it has from 
one third to one quarter the ultimate strength of the 
proper mixtures. The only safe rule to follow is to 
use the smallest quantity of water that will give a 
plastic or workable mixture and use the remainder of 
the moisture in the curing. 

Doubtless the fundamental cause for the detrimental 
influence of excess water is that it prevents the parti- 
cles of cement from adhering to the surface of the ag- 
gregate particles, where they belong if maximum 
strength is to be realized ; and if this excess water is 
still further increased, a point is reached where the 
strength is negligible and the cement cannot harden, 
for the cement, though fully hydrated, can offer no re- 
sistance to stresses. 

Not only is the streng^ of concrete greatly increased 
with a decrease in the mixing water used, but there 
is a direct influence upon wear; and h^re again equa- 
tions have been evolved that enable the engineer to 
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estimate the probable wearing resistance of a concrete 
of known strength. These wearing tests may be con- 
ducted by a machine described as a ^'rattler," in which 
blocks of concrete under test are placed, being wedged 
tightly about the periphery of a revolving metal drum; 
some 200 pounds of cast-iron balls are placed in the 
interior, and a wooden head is then clamped in place. 
The device is then rotated at about 30 revolutions a 
minute until 1800 complete turns have been made. At 
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the end of the run the surfaces of the blocks are care- 
fully examined, noting not only the amount of wear, 
but its character. 

The depth of abrasion may be readily measured. A 
very poor concrete may be entirely destroyed, and a 
high-grade concrete wiU seldom wear as much as half 
an inch. Such tests are of much importance in choos- 
ing cement aggregates and suitable mixtures for road- 
ways and other types of pavements. 
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'* Quaky '* is a term applied to concrete of the proper 
consistency. A favorite method for determining 
whether the proper amount of water has been used is 
to fill a truncated cone, having a base 8 inches in diam- 
eter, a height of 12 inches, and a top 4 inches in diam- 
eter, with freshly mixed concrete, lightly tamped with 
a rod into place in the mold. As soon as the mold is 
filled and struck oflT with a trowel, it is removed, and 
the height of the concrete after removal is measured. 
For concrete in road work a practical consistency is ob- 
tained when the slump is between one half inch and one 
inch. If the surface of the concrete is to be worked by 
hand, it may be necessary to use a consistency that 
would give a slump of one and one half inches. 

Next to surplus water, under-mixing may be con- 
victed as the greatest evil in defective concrete. There 
are numbers of batch-mixing machines from which to 
choose, and on smaller operations hand mixing must 
still be practised. What should be the minimum time 
of mixing T In every instance strength increases with 
increased time of mixing, and the problem has been to 
strike a proper economical average, being the mini- 
mum time that the mixer can be run and produce satis- 
factory strength. In experiments with the same mix- 
ture, varying the mixing time from sixteen seconds to 
ten minutes, it has been found that, on the average, 
with an efficient design of mixing-machine one minute 
is sufficient time for mixing— and that, especially, with 
the proper constitution of the mixture. This means 
using the optimum percentage of water. The same 
strength was found after one minute's mixing that was 
obtained with ten minutes' mixing where the amount 
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of water had been increased 15 per cent. No reason- 
able increase in the period of mixing, however, could 
compensate for the nse of excess water in the batch. 

The rate of rotation of the mixing-drum is another 
factor that has been investigated, and it has been found 
that between twelve and twenty-five revolutions a min- 
ute does not produce results indicating material influ- 
ence on the strength of the finished material. For the 
very slow and the very rapid rotation a slight reduc- 
tion of strength is noted, and a peripheral speed of 150 
feet a minute for the maximum diameter of the inside 
of the mixing-drum has been found a satisfactory 
average. 

Nathan C. Johnson after extensive work in which 
photomicrographs have played an important part has 
pointed the way for securing far better service from 
the cement in concrete. This is to be secured by a 
better distribution of more concentrated cementing 
materials and a study of our present mixing methods 
convinces that new mixing principles must be intro- 
duced if this is to be accomplished. Mr. Johnson urges 
the use of a centrifugal mixer for this purpose. 

When cement clinker is thoroughly ground the 
powdered cement is capable of reacting so rapidly with 
water that if used as much it would set too quickly. 
The hydrous gypsum that is added to hot cement has 
its water of crystallization driven off through the mass 
thus forming a tiny film of hydrated cement on the 
grains of cement. Storage of ground cement tmder 
average conditions also promotes the formation of this 
protective coating. By referring to the photomicro- 
graphs and diagram this film can be identified. It is 
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this hydrated film which causes the deterioration of 
cement in average storage. Experiments at the 
Bureau of Standards have shown that such cement can 
be used if sieved to remove all lumps and proportioned 
to aggregate with due 
allowance for the fact 
that a part of the ce- 
menting material has 
already been used or 
hydrated- 

Now when we add 
water to cement hydra- 
tion progresses only 
after moisture has pene- 
trated this already hy- 
drated film and may 
not reach all the cement 
owing to the formation of dense films of hydrated ce- 
ment. Meanwhile the ^^glue" formed by cement and 
water diffuses through the water and gradually coats 
the particles of sand with a cementitious material much 
more dilute than is desirable. Further, sand particles 
and grains are able to hold many air bells and in con- 
crete the surfaces of the aggregate hold an appreciable 
quantity of air. To properly dislodge these air bells 
so that the surface may be coated with cementitious 
materials means the most thorough stirring possible. 
If the air remains trapped in the cement and concrete 
voids are produced just as when an excess of water is 
present. 

What is involved in properly mixing concrete is indi- 
cated by Mr. Johnson's calculations. In a cubic yard 
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of concrete having the proportion of 1 part cement to 
two parts of sand and four parts of coarse aggregate 
there are approximately one miUion pieces of stone np 
to and including 1%", twenty-five billion sand particles 
if commercial coarse sand is used or two hundred 
billion if the sand is very fine and from two hundred 
to three hundred billion cement particles. And all of 
these must be really mixed in commercial time prefer- 
ably in a way to leave no air or water voids and no 
clumps of cement particles undistributed over sand and 
coarse aggregate. Experiments so far conducted indi- 
cate the possibility of accomplishing this result with 
the centrifugal mixer and ihe changes in the mixture 
itself y these being made possible by the more complete 
utilization of the cement and water. 

Assuming that proper design, good materials, and 
competent workmanship all have had their part, that 
the right proportions of materials have been used, 
properly placed and finished, it remains to effect curing 
in such a way that the cement or concrete may be made 
as permanent as possible. 

It is believed that most of the fault found with con- 
crete floors may be traced to either improper consist- 
ency or careless curing. Excessive wear and dusting 
are certain to result if the concrete is not permitted 
to have the curing water necessary for the hydration of 
the cement. The effect of the curing condition on the 
compressive strength of concrete has been determined 
accurately. Samples stored for long periods in damp 
sand, and tested while damp, developed strength from 
two and a half to three times as great as similar 
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samples that had been exposed to room temperature 
for the same period. 

Supplying concrete, which has set, with sufficient 
moisture to carry on the hydration of the cement and 
the formation of the colloidal cement, and then protect- 
ing the material from drying out for at least ten days, 
gives an increase in strength of at least 50 and prob- 
ably 75 per cent, over dry material. In the case of 
concrete and cement products, it has been found ad- 
vantageous to use curing-tunnels in which the cement 
products are kept for days in a moist atmosphere, and 
even in steam, in which latter condition hardening pro- 
gresses satisfactorily with greater rapidity. One 
series of tests shows that concrete cured under eighty 
pounds steam pressure might be considered advan- 
tageous in the time saved in curing and in the strength 
developed in the finished article. 

In the chapter on highways, the precautions used 
to best advantage in guaranteeing a proper curing of 
freshly laid cement is discussed in greater detail ; but 
it should not be forgotten that such curing is required 
if high compressive strensrth and resulting resistance 
to wear are to be eipected 
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CHAPTER X 

SOBCB PHASES OF OBMENT AND CONOBETB TESTING 

The first testing of cement and concrete was prob- 
ably done by John Grant, of London, in 1859. He 
molded small briquets, and subjected them to stresses 
in an effort to determine in advance what type of serv- 
ice could be expected from the new material The en- 
gineer is always confronted with the problem of how 
to determine in advance what the quality of the struc- 
tural material will be at that time in the future when 
it will develop its maximum strength or will be sub- 
jected to unusual stresses. He must also know the 
effects of such influences as may cause disintegration 
or decay. There is a demand for accelerated tests 
which will give such information with a sufiScient de- 
gree of accuracy to permit the use of materials with 
a fair degree of confidence as to their performance and 
service. To this end, a variety of tests have been ap- 
plied to concrete. Some of these have to do with de- 
termining the influence of new factors upon concrete 
structures, and others have to do with determining 
data that can be compared with standards set after 
practical experience with materials, the previous his- 
tory of which is known. 

Usually concrete is subjected to one or both of two 
physical tests, namely, tension and compression tests. 

116 
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Sesides these, the time of setting is important; the 
sonndness or liability to volome change is determined; 
fineness is a consideration, as is also specific gravity 
and, of coarse, the chemical analysis. 

In most specifications, Portland cement is given a 
definition that in reality describes a particular pro- 
cess of manufacture. Thus, in the specifications pre- 
pared by the American Society for Testing Materials, 
collaborating with government departments and en- 
gineering bodies, Portland cement is defined as 'Hhe 
product obtained by finely pulverizing clinker, pro- 
duced by calcining to incipient fusion -an intimate and 
properly proportioned mixture of argillaceous and 
calcareous materials, with no additions subsequent to 
calcination excepting water and calcined, or uncalcined 
gypsum.'' The limits within which chemical and 
physical properties must fall have been agreed upon, 
and, in the case of chemical characteristics, the loss 
on ignition must not exceed 4 per cent., insoluble 
residue, not more than 0.85 per cent. ; no more than 5 
per cent of magnesia nor 2 per cent, of sulphuric an- 
hydride is allowable. 

So much depends upon the quality of cement that 
arrangements for inspection and analysis are perhaps 
more complete, especially where large quantities of 
material are involved, than is the case with most 
things entering into construction. It is customary for 
an inspector to be stationed at the mill where samples 
are taken as the cement is being prepared for ship- 
ment; and the cars are sealed by the inspector after 
sampling has been completed. Contracts for cement 
specify aU details with respect to sampling, testing, 
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acceprtanoey and refusal, and suitable time is allowed 
for the completion of the necessary tests. More than 
this, the size of the sample that shall be taken for each 
unit is usually stipulated, and it is customary to take 
a sample from each fifty barrels or fraction thereof — 
if the cement is in cars at the time of sampling — ^and 
one sample for every one hundred barrels, if sampled 
from storage-bins. Composite samples are frequently 
used. 

Where cement in bulk is sampled, it is customary 
to withdraw eight pounds for each hundred barrels 
passing over a conveyor, or to use long sampling-tubes 
for drawing material from depths up to ten feet over 
the face of the cement in bins. Great care is used in 
storing and shipping samples in air-tight containers, 
and, in mixing samples, a sieve is usually employed. 

To assure uniformity in method, and to eliminate, 
as far as possible, personal errors that may be in- 
volved, every step in the testing of cement has been 
standardized. The care thus exercised may be in- 
dicated by citing directions for determining the loss 
on ignition: 

**One gram of cement shall be heated in a weighed, 
covered, platinum crucible of 20 to 25 cubic centimeter 
capacity as follows, using either method as may be 
agreed upon: 

''The crucible shall be placed in a hole in an asbes- 
tos board, clamped horizontally so that about three 
fifths of the crucible projects below, and blasted at a 
full red heat for fifteen minutes with an inclined 
flame ; the loss in weight shall be checked by a second 
blasting for fifteen minutes. Care shall be taken to 
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inpe off particles of asbestos that may adhere to the 
crucible when withdrawn from the hole in the board. 
Greater neatness and shortening of the time of heat- 
ing are secured by making a hole to- fit the crucible in 
a ciroolar disk of sheet platinum and placing this disk 
over a somewhat larger hole in an asbestos board. 

''Or the crucible shall be placed in a muffle at any 
temperature between 900^ and 1,000^ C. for fifteen min- 
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ntes, and the loss in weight shall be checked by a 
second heating for five minutes. 

''A permissible variation of 0.25 will be allowed and 
all results in excess of the specified limity but within 
this permissible variation, shall be reported as 4 per 
cent" 

To La Chatelier belongs the credit for having de- 
signed an apparatus used in determining the specific 
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gravity of cement. This is a flask of peculiar shape, 
having two calibrated portions, separated by a btdbi 
in the neck of the flask. The flask is filled with kero- 
sene free from water, or with benzine to a pre- 
determined point on the stem. Sixty-four grams of 
cement is slowly introduced, and the level of the liquid, 
after the addition of the cement, is noted. The speci- 
fic gravity is then calculated from a simple formula 
in which the volume of the liquid displaced by the 
cement is the determining factor. 

The fineness of cement is determined by a set of 
standard sieves, for the use of which detailed instruc- 
tions are provided to guide those inspecting the ma- 
terial. Of course, methods for mixing cement pastes, 
and mortars, and concretes prior to physical testing 
are also standardized, an apparatus being provided to 
determine the consistency. Tables have also been 
worked out showing the percentage of water to be used 
when preparing cement in various forms for testing. 

Soundness is a characteristic of cement that should 
always be determined. The method consists of form- 
ing a little pat of cement paste of normal consistency 
and about three inches in diameter and half an inch 
thick at the center, tapering to a thin edge. This is 
made upon a clean glass plate and stored in moist 
air for twenty-four hours, during which time hydra- 
tion takes place. The pat is then placed in an atmos- 
phere of steam with a temperature between 98° and 
100° C. upon a suitable support holding the plate an 
inch above boiling water; and this steaming continues 
for five hours. Any distortion that takes place can 
be determined by means of a straight edge brought in 
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ooDtact with the surface of the part that had beeoi next 
the plate, and failures in soundness are indicated by 
varying degrees of shrinkage, cracks, checking, dis- 
tortion, and occasionally disintegration. 

It is desirable to know to what extent there may be 
free lime in a cement, for it is a general belief that 
a good Portland cement should not contain free lime. 
Free lime is nearly always present in under-burned 
cement, due largely to the lack of grinding to sufficient 
fineness in preparing the raw materials for burning. 
It has also been shown that free lime may result from 
over-burning. 

The boiling test is ordinarily used, but, as indicated 
above, this necessitates the works chemist being at 
least twenty-four hours behind the progressive work 
of his mill, and prevents an inspector from reaching 
as prompt a decision as is frequently desirable. 

With a view to improving this condition, White de- 
vised a method, some years ago, that depends upon the 
rapidity and extent to which crystals of calcium pheno- 
late will form on a microscopic slide under observation 
at a magnification of about eighty diameters. The 
method consists in using polarized light, so often 
found useful in determining the constants of materials. 
The ordinary light is vibrating in all directions ; but, 
when this light is passed through a Nicol prism, it is 
divided into what is called the ordinary and extra- 
ordinary rays. 

The Nicol prism is a piece of Iceland spar, cut 
along a certain plane and cemented with Canada 
balsam. This layer of balsam, which runs diagonal 
to one axis of the prism, causes one of these rays 
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to be diverted, and the emergent ray is made np of 
light, all parts of which are vibrating in one plane. 

If a second Nicol prism is placed so that it crosses 
the first, all light is excludedi and in the microscope a 
nearly black field appears. When certain substances 
are placed between these crossed Nicols, they appear 
as white or colored objects on a black field, and often 
show markings or other characteristics that are con- 
stants for that particular material Thus grains of 
starch from various sources have distinctive markings 
when viewed under polarized light, and it was by the 
use of polarized light that the scientists at the Geo- 
physical Laboratory were able to establish methods 
for identifying the components of Portland cement 

In the present method a reagent is prepared by 
dissolving crystallized phenol in xylol and adding two 
drops of water to five cubic centimeters, in which five 
grams of phenol have been dissolved. Too much mois- 
ture in the solution prevents the formation of good 
crystals and also tends to react with the cement. In 
making a test, a little of the finely powdered material is 
placed on the slide in a way to have a fair quantity in 
the center, with a diminishing amount toward the edges. 
This will leave a sort of nucleus where the crystals of 
calcium phenolate will appear and from which they 
will grow. 

Fortunately, there is a distinct difference in the 
refracting power of the calcium phenolate and the 
cement, so that the crystals of phenolate appear with 
a sort of halo, due to their strong double refracting 
power, leaving the cement practically invisible. The 
crystals then become specks of white, and, if a large 
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amount of free lime is present, masses in which the out- 
lines of individual crystals are difficult to distinguish 
may be formed. Calcium carbonate and other com- 
pounds of calcium do not give this reaction; it is char- 
acteristic only of calcium oxide, which is free lime, or 
the hydroxide formed when water is applied. 

The crystals begin to appear as small dots, and within 
two hours have reached a size that makes them promi- 
nent in the field of the microscope. In commercial 
cements they have been noted within six minutes after 
applying the test Comparing this microscopic method 
with boiling tests, a very good agreement has been ob- 
tained, and it has been determined that cements which 
show no crystals of calcium phenolate under this test 
within an hour have no more than a negligible and a 
harmless trace of free lime. 

The miroscopical test is more delicate than the 
steam test, and it should be remembered that a cement 
which through aging has much free lime changed to 
hydrate might be condemned by the microscopic test 
alone, although such a cement may have become per- 
fectly sound. Also, through the hydration of sound 
cement by wetting, such a cement might be judged un- 
sound from a microscopic test. 

It is considered certain that cement which comes 
from the kiln containing more than a trace of 
free lime will not pass the boiling test, and the micro- 
scopic test would seem to have particular value in the 
mill, besides being useful in the hands of the inspec- 
tor, who can ah^ays refer certain samples to the labor- 
atory for the usual boiling test. 

The time of setting is usually found by the use of two 
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weighted needles, one being one-twelfth inch in di- 
ameter and loaded to weigh one-fourth of a pound, 
while the other is but one-twenty-fourth of an inch in 
diameter and is made to weigh one pound. Using such 
Oillmore needles, a pat of neat cement paste, mixed 
to a normal consistency, half an inch in thickness and 
having a flat top, is kept in moist air at a temperature 
of 21° C. (70° F.). The initial set is considered to 
have been reached when the quarter-pound needle will 
be borne by the pat without appreciable indentation; 
the final set is when the heavier needle will be so borne. 
Of course, needles are held in a vertical position. 

Another method of determining the same thing in- 
volves the use of a special apparatus where the depth 
to which a needle penetrates the cement paste is mea- 
sured half a minute after the needle is released. The 
final set occurs when the needle does not penetrate the 
paste. 

The time of setting is important in determining 
whether a cement should be used for a given purpose. 
For maritime works quickly setting cements are 
wanted, and this means those that will set in less than 
two hours. The beginning of this set is sometimes 
noticed within a few minutes after mixing. 

The basis for most comparative work is the resist- 
ance to compression, determined with testing machines 
upon small cubes or upon cylinders, usually six inches 
in diameter and twelve inches in length, and tension 
tests for which the standard briquette is used. This 
briquette has the general outline of the figure eight or 
hour-glass, with the narrow portion having a cross- 
section exactly one inch square. The briquette molds 
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are usually of brass, and are constructed in such a way 
as to prevent the parts separating during molding. 
Since several briquettes must be broken to obtain a fair 
average, the molds are usually in gangs, provided with 
levers to lock the halves in position. The exact size 
as well as the shape of the briquettes is specified ; their 
total length is three inches and, as indicated above, 
their thickness one inch. 

In order to have results comparable, care must be 
exercised in making such briquettes. The water used is 
at 60"^ F., and the sand is that obtained from Ottawa, 
Illinois. This must be sieved so that the portion that 
passes a No. 20 sieve is considered standard, when not 
more than five grams of a 500-gram sample pass a No. 
30 sieve after one minute of continuous sieving. The 
sieves themselves are standardized, and machines have 
been designed so that sieves placed in them will always 
be subject to the same degree of shaking during the 
preparation of the sand. When one part of cement is 
used with one part of sand, about 15 per cent, of the 
total weight of water is used, and this is reduced to 12 
per cent, when the proportions call for one part of 
cement with three parts of sand. 

On preparing a briquette in the mold, the latter is 
placed on a glass plate, the material is filled in, pressed 
down, and struck off evenly with a trowel. The mold 
is then turned over, and the operation of heaping, 
pressing down with the thumbs, and smoothing off is re- 
peated. It is customary to allow these briquettes to re- 
main in the molds for twenty-four hours, covered with 
a damp cloth, and they are then variously treated and 
aged, depending upon the data sought. Usually, 
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briquettes are broken at the end of twenty-four hours, 
seven days, and twenty-eight days. During that time 
they may be stored in the air, in moist dlosetSi or under 
water, and are frequently subjected to unusual condi- 
tions, all depending upon the ultimate use of the cement 
in question. 

The breaking is done in a special cement-testing ma* 
chine provided with grips that fit over the ends of the 
briquettes, exerting a straight pulL Levers are so ar- 
ranged that shot allowed to flow into a small bucket ap- 
plies tension to the briquette and this flow of shot auto- 
matically ceases with the breaking of the specimen. By 
the sunple process of weighing this bucket of shot on 
a special beam, the tensile strength in pounds per 
square inch may be read off. A number of briquettes 
are broken and the average taken as the basis of any 
report. 

The desirability of decreasing the dead weight of 
concrete without detriment to its strength, when used 
in concrete shipping construction, also led to a search 
for an aggregate peculiarly adapted to this requirement 
and ways of testing materials from which to make it 
It was finally decided to use clay, fired in a way to pro- 
duce a light vesicular mass containing such a large 
volume of porous material that when they are fired 
samples float upon water. 

Evidently, shales and clays are most suitable; but 
care must be taken not to over-bum them, and it 
became necessary to find a way to test clays in the 
laboratory. 

It has been found that rapid firing in rotary kilns is 
the best method of preparing such unusual aggregates, 
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so that the laboratory test is reduced to a quick firing 
of the material under heavily reducing conditions. 

The method devised by the Bureau of Standards con- 
sisted in grinding, if necessary, and then sieving the 
sample through a thirty-mesh sieve and bringing the 
material to a condition of optimum plasticity. Cubes, 
molded by hand, were dried, first at room temperature 
and then at 60^ C. (140° F.). They were then fired in 
a test kiln, gradually raising the temperature according 
to a definite time schedule. 

The outline of the cubes was carefully observed dur- 
ing the firing, and, after 900° C. (1,650° F.) had been 
reached, two specimens were removed for examination 
each thirty minutes. As soon as the cubes gave evi- 
dence of fusion, the firing was stopped and the furnace 
allowed to cooL Materials that failed to float in a solu- 
tion of common salt having a specific gravity of 1.1, or 
that consisted of large cavities inclosed by a film of 
vitrified day were considered unsuitable. Those that 
float and upon breaking the specimen show a fine, uni- 
form cellular structure have been found most suitable. 

Cement is ten times stronger in compression than it 
is in tension. That is, it resists crushing, or will sup- 
port loads put directly upon it to a far greater extent 
than it will withstand a bending or deflecting action. 

Wherever possible, such laboratory tests as have 
been described are checked by observation of cement 
and concrete in actual service over long periods of 
time. Reasonably extensive research has been under- 
taken on a variety of new factors. Thus the effect of 
time on the strength of concrete, the influence of the 
amount of water used, the results when aggregates of 
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different grading and quality are employed, the relation 
between compressive strength and resistimce to wear, 
the effect of consistency on the strength of concrete, 
and the effect of age on strength, all have been investi- 
gated. Other factors are discussed elsewhere in this 
book. One of the most important points that have 
been made is that as long as concrete does not dry out 
it continues to gain strength until strength equalizing 
that of the aggregate itself is reached. 

Such data as are presented in discussing special uses 
of concrete have, in most instances, resulted from tests 
conducted on a scale that justifies the use of the term 
** practical.*' Thus, in determining the effect of sea 
water upon concrete, sixteen-foot specimens were em- 
ployed; and, in the work upon the behavior of rein- 
forced concrete columns when subjected to high tem- 
peratures, commercial size columns were prepared for 
the tests. 
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CHAPTER XI 

ABT IN GBMBKT AKD CONOBETB 

There will be some who will question the statement 
that there can be art in concrete, basing their opinion 
on what they have seen rather than on the possibilities. 
If it is remembered that cement may be considered 
simply as a mortar or binding material, into which all 
sorts of things can be placed, its artistic possibilities 
will be appreciated Occasionally there appears a ce- 
ment worker with the skill and vision to imdertake 
specialties, and this gives him a commanding position 
in his locality. Such a man becomes a contractor for 
work requiring a high degree of artistic skill. 

It is both the color and texture of surfaces that add 
much to the beautiful appearance of an article, quite 
aside from its good design, proper proportions, and 
artistic lines. Some of the first attempts, therefore, 
to beautify concrete structures had to do with a change 
in the ordinary texture of the material, and in an at- 
tempt to introduce variations to relieve the monotony 
of a concrete walL It gradually came to be realized 
that if a way could be devised to have the embedded 
Aggregate give the texture and color to the mass, a long 
step would have been taken toward the ideal treatment 
of concrete surfaces. 

It will be recalled that an ideal concrete has each 
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of the particles of aggregate coated with the cement 
and sand mortar, which is sufficiently opaque, even in 
thin films, to obscure the color of the aggregate and 
give the whole surfaxse a gray appearance. It was a 
small matter to apply water at just the right time, in 
the setting of stucco or other concrete material, to re- 
move this mortar film. The work is facilitated by the 
use of a stiff brush, and today it is common practice 
thoroughly to brush the surface, using the minimum 
amount of water to expose the aggregate carefully 
worked to the surface during the placing of the con- 
crete. 

It is remarkable what beautiful effects can be ob- 
tained even by the use of local aggregate. And in 
Washington, for example, there are many pieces of 
work that depend for their beauty upon the variation 
in the shades and tints of the washed Potomac River 
gravel. Granite chips can be depended upon for pink, 
yellow, brown, tan, red, green, white, black, and gray 
shades. Slate color depends upon the use of lampblack 
mixed with the cement. Corborundum gives the char- 
acteristic sparkle and glisten due to the hard particles 
of which it is composed, and it has been used in treads 
and floors to produce a very hard surface that will 
stand the wear due to heavy traffic. Marble, quartz, 
silica sand, and micaspar give beautiful whites, and 
with them white cement may also be used. 

Frequently these various color aggregates are too ex- 
pensive to be used through the mass, but are either 
confined to the face of concrete blocks or are applied 
in the stucco upon the foundation or scratch coat. 
More ordinary materials, such as crushed brick and 
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local gravel, have been used through the mass, and in 
many instances material has been pressed into the sur- 
face of green concrete just before its initial set. 

In the list of specially prepared surfaces must be 
mentioned the vitrified or glass-faced cement tiles that 
have been prepared to take the place of various types 
of structural tiles. Such an enameling process permits 
the introduction of all types of colors, including those 
used in ceramics and in glass. 

Another method of preparing the surface consists 
of tooling, either horizontally or vertically, which has 
the same appearance to be found in cut stone similarly 
treated. This may be accomplished, where blocks are 
concerned, by providing a tooled surface in the mold, 
and in the case of monolithic construction it can be 
secured either through the design of the form or by the 
use of the same sort of gang cutting wheels that have 
come into use on natural stone. Other pleasing effects 
are created by the artistic use of brick about doors and 
windows and elsewhere in a structure, to introduce a 
difference in the texture of the surface as well as in 
the color. The wide variety obtainable in brick is evi- 
dent everywhere, and it will be seen how suitable these 
specialties are toward obtaining unusual effects in ce- 
ment and concrete construction. Terra-cotta tiles are 
frequently set into concrete walls for decorative pur- 
poses with very good effects. 

By the use of very well made molds, some of which 
make use of gelatine to obtain the desired reproduction 
of particularly fine lines, the casting of beautiful col- 
umns, with capitals almost as well grooved as those 
to be found in natural stone, have been made possible. 
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Decorative statuary is now to be found made of cement^ 
and in this class of work the gelatine mold again plays 
a very important part. The concrete products shops 
are maMng a specialty of pre-casting such decorative 
materials, and attempt many things, heretofore con- 
sidered impossible as cement and concrete products. 
Outdoor vases, fancy flower-pots, bird-baths, and the 
like are frequently executed in good taste and exquisite 
form from cement products. Park and lawn benches, 
sun-dials, and similar articles are limited in variety 
only by the ingenuity of the maker. Here, again, artis- 
tic effects are produced by the shape of the article, by 
the use of colored sands in the mortar, and by the use 
of crushed marble, granite, micaspar, and other special 
aggregate. 

Larger units for ornamental purposes are to be found 
in concrete architectural trim, which has become a 
standard product, almost regardless of the material of 
which the wall itself is built. A great many expensive 
houses built of brick, etc., are now to be found in which 
this concrete trim has been extensively employed with 
satisfaction. Being a cast product, it can be prepared 
more cheaply than natural stone can be cut, and when 
due regard is paid to the factors involved, the result- 
ing product is as durable and will be as satisfactory 
for the purpose as the more expensive article for which 
it is substituted. 

In the employment of stucco, now to be found nearly 
everywhere, there are several standard finishes. 
These are stippled, sand-floated, sand-sprayed, rough- 
cast, pebble-dash, and the exposed aggregate to which 
reference has been made. These finishes are applied 
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DETAIL OF SURFACE TREATED STUCX;0 

Port Liocola Cemetery. Washington. D. C. Horace W. Peaslee. architect; 
J. Barley, sculptor 
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Courtesy Mr. E. Boyer. Atlas Portland Cement Co. 

I. Sand sprayed stucco 2. Exposed aggregate integral method 



3. Pebble dash finish or spatter dash 4. Tooled finish 
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to the ground coat, and are produced in the following 
ways. The stippled finish results when the finishing 
ooat is troweled smooth with a metal trowel with as 
little rubbing as possible. .It is then lightly patted 
with a brush of broom-straw, which gives an even 
stippled surface that is very pleasing. When a sand- 
floated finish is desired, the finishing coat, after being 
brought to a smooth even surface, is rubbed with a cir- 
cular motion, with the addition of a little sand to 
roughen the surface slightly, this treatment being 
given when the mortar is partly hardened. 

If, after the finishing coat has been brought to an even 
surface, it is sprayed by means of a long, wide fiber 
brush, such as a whisk-broom, dipped into the creamy 
mixture of equal parts of cement and sand, the sand- 
sprayed finish is produced. The cement-and-sand mix- 
ture must be prepared not more than thirty minutes 
before using, and kept stirred. The coating is thrown 
forcibly against the surface, and is applied while the 
finiahiTig ooat is still moist and before it has attained 
its early hardening. This means that sand-spray must 
be done within from three to five hours of the time 
when the finishing coat has been applied. If lighter 
shades are desired in the spray coat, hydrated lime is 
added to an amount not to exceed ten i)er cent, of the 
weight of the cement 

The rough-cast finish is also known as spatter-dash. 
The finishing coat is brought to a smooth, even surface, 
as before, with a wooden float, and before it has finally 
hardened it is uniformly coated with a mixture of one 
sack of cement to three cubic feet of fine aggregate 
thrown forcibly against it to produce a rough surface 
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of unif onn texture when viewed from a short distance, 
say twenty feet. Especial care must be taken to pre- 
vent the rapid drying out of this finish by means of 
spraying thoroughly at intervals after the stucco has 
hardened sufficiently, so that the spray water will not 
wash away the mortar. 

Pebble-dash results when clean round pebbles or 
other solid material between one quarter inch and three 
quarters of an inch in size, and previously wetted, are 
thrown with sufficient force against the wall to embed 
themselves in the fresh mortar. The finishing coat is 
brought first to a smooth surface, and care must be 
taken to obtain a uniform distribution of the pebbles 
over the surface. Sometimes the pebbles are put into 
the mortar with a clean wooden trowel, but it is not 
possible to roughen the surface after the pebbles are 
embedded. 

In addition to what has been said concerning exposed 
aggregates, it may be added that a solution of one part 
of hydrochloric acid in four parts of water by volume 
is used in place of dear water. This treatment leaves 
a clean aggregate surface, and the walls should be well 
washed with water applied with a hose after such acid 
treatment. 

Besides the various colored aggregates to which re- 
ference has been made, it is sometimes desirable to color 
the cement mortar, so that, in addition to a variation in 
the color of the aggregate, further contrasts may be 
obtained. These inorganic coloring materials are used 
in quantities not to exceed twenty per cent, of the 
weight of the Portland cement, and must be very finely 
ground. A proper amount by weight of color is usually 
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added to each batch of fine dry aggregate before the 
cement is added; the color and the aggregate is first 
thoroughly mixed, and after the cement is mixed in, 
the whole mass is shoveled from one pile to another 
over a mesh screen until a uniform color denoting uni- 
form mixing appears. Water is then added to bring 
the mortar to the consistency desired for plastering or 
for concrete. The depth and the shade depend upon 
the proportion of the color used, and also on the color 
of the cement with which it is mixed, as well as the 
relative sizes of the cement and color material particles. 

If grays, blue-black, and black are wanted, use Ger- 
mantown lampblack, carbon black, or black oxide of 
manganese. Ultramarine blue will give varying de- 
grees of blue. The red oxide of iron produces a color 
that may vary to a dull brick-red. Mineral dark red 
gives a bright red to vermillion. The red sandstone 
shading to purplish red is obtained by the commercial 
color known as Indian red. Brown to reddish brown 
is derived from what is known as metallic brown, which 
is one of the mineral oxides. Yellow ocher accounts 
for buff, colonial tint, and yellow. Beautiful greens 
can be obtained with the aid of chromium oxide. 

Perhaps no better indication of the possibilities in 
the proper use of cement and concrete can be given than 
the fact that in many expensive monument buildings 
cement has been used for interior finish in the walls 
above the height of, say, ten feet. This extends be- 
yond the artificial onyx, marbles, etc, to which refer- 
ence has been made in the application of Sorel and oxy- 
chloride cements, to the reproduction of particular 
types of building-stone. There is at least one great 



Digitized 



by Google 



136 THE NEW STONE AGE 

stmcture in which an odd type of porous building-stone 
is used for the interior finish to a height of twelve or 
fifteen feet; but above that the concrete blocks are 
employed, and these duplicate so correctly the color, 
texture, and general appearance of the natural stone 
used in the first courses that very few know that there 
is this variation in the finish. 

Artistic effects are often obtained in unusual places 
by the use of concrete materials. There is recorded 
the construction of artificial falls and rocks in a city 
park where this bit of beauty could not have been added 
to the scenery so well by any other method. These 
rocks have been made and placed in a mamier to de- 
ceive the very elect, and there is reason to believe that 
the material will prove durable and entirely well suited 
for its purpose. Pergolas are now to be obtained com- 
plete from pre-cast units, made with great care in the 
shop and finished with white cement. Pleasing designs 
are obtainable, and the plastic material is well adapted 
to the execution of the various artistic designs. 
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CHAPTER Xn 

AFFLYINO CSMENT MOBTAB 

Cement and concrete must be placed in such a way 
as to secure a proper bond, uniform in strength and 
wearing qualities, and a density that will make it pos- 
sible for the material to resist adverse agencies. The 
bond with underlying material is usually secured by 
thoroughly cleaning the old surface, wetting it or some- 
times washing it over with a cement mixture or a 
mortar prepared for the purpose. 

Bond between courses is assured by a similar 
method. Uniformity in physical characteristics results 
from a standardization of the materials used, and uni- 
formity in methods of mixing and placing. Density is 
also afforded by the character of materials and their 
treatment, particularly tamping and spading material 
into place. This allows entrapped air to escape, brings 
excess water to the surface, and helps to fill the 
places between the coarse aggregate with the fine ag- 
gregate and cement mortar. Mechanical devices have 
been perfected for both tamping and bringing green 
concrete to the desired contour. Boiling and belting is 
employed as described in the chapter on highways. 

It has been customary to depend upon hand working 
for compacting cement mortar on surfaces, particu- 
larly such vertical surfaces as the sides of buildings and 
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horizontal overhead, like girders and ceilings. It is 
obvious that ideally uniform results are not to be ol>- 
tained by such hand methods, and it was while coatings 
forms upon which to mount the skins of animals fojr 
museum purposes that Carl E. Akely felt the need of 
a more flexible and easier way of spreading plaster 
of Paris. He turned to compressed air as an aid, and 
finally perfected the mechanical device now known as 
the cement-gun. 

The cement-gun is not the first attempt to deposit 
cement mortar by mechanical means. It differs from 
its predecessors, however, in that it does not endeavor 
to convey wet material from a reservoir to the surface 
to be coated. This was tried some years ago; but it 
was found that lumping in the machine could not be 
avoided, and that the frequent shut-downs required to 
clean out the apparatus so greatly increased the cost of 
operations as to render the mechanism impractical 
The cement-gun is a decided advance in engineering, 
and will doubtless come to play as important a part 
in future work as the mechanical concrete-mixer plays 
in construction projects. There are more than three 
hundred thousand concrete-mixers in use today, and, 
while it may be some time before so many cement-guns 
are in use, their number is steadily increasing. 

Akely hit upon the simple scheme of conveying the 
dry material to the nozzle by means of compressed air, 
and of introducing in the nozzle a spray of water under 
pressure twenty pounds greater than the air-pressure. 
In this way hydration and deposition is secured coin- 
cidently, making it possible not only to spray as thin 
a coat as may be desired, but also to build up this coat 
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to any desired thickness. The oement-gon is not con- 
fined to the application of cement mortars, but has been 
used with lime, plaster of Paris, magnesite, fire-clay, 
and other materials. 
In order to make applications continuous, the prind- 
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pie of the air-locked caisson is employed, and the de- 
vice consists of two hoppers, one feeding into the other, 
and each provided with an air-tight conical valve so 
designed that it seats against a gasket when the air is 
applied, rendering the chamber air-tight. Air-pres- 
sure is maintained in the lower chamber, and in addition 
a jet of air is introduced to drive the small quantities 
of dry material, brought to the discharge-tube by a re- 
volving plate, out into the hose leading to the nozzle. 
The pressure in the upper chamber is broken and 
applied altematingly as the reservoir is charged with 
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new material, the frequency depending upon the speed 
of operation. In this manner the proportion of sand 
and cement may be kept uniform, and the amount of 
water employed can also be nicely regulated. 

In the lower chamber there is a conical-shaped feed 
wheel provided with pockets on the periphery, and this 
wheel is revolved by an air motor. In this way small 
quantities are brought under the air, admitted through 
a gooseneck, thus forcing the material through the out- 
let valve. The nozzle is chambered, and has needle 
holes in the inner wall through which the water is ad- 
mitted. When the material thus hydrated is placed 
under pressure against a surface, there is a rebound 
composed of material virtually free from cement, so 
that the initial bond with the surface is through the 
medium of a very rich mortar and very dense, neat 
cement. The sand particles now drive against this 
first layer, each grain serving as a tiny tamp still 
further compacting the mortar. The sandy particles 
are driven by pressure into this coating, and a continu- 
ally larger percentage of the mixture adheres to the 
coating thus built up. The sand that falls can be col- 
lected and re-used. The percentage of sand rebound 
is from fifteen to twenty per cent 

An air-pressure of thirty-five pounds is preferred 
under normal conditions when from fifty to one hun- 
dred feet of hose between reservoir and nozzle is in use. 
The water-pressure must always be at least twenty 
pounds greater than the air-pressure. When working 
with reinforcement there must be sufficient pressure to 
give the material velocity such that any rebound will 
clear the reinforcing wires. If the rebound does not 
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DETAIL OP SECONDARY PORCH, I»OTOMAC PARK FIELD IIOISE, 
WASHINGTON, D. C. 

Balustrade columns and cornice were precast; walls arc stucco on tcr'-a cotta tile; 

all arc of the same coUir and texture. Dt-M^'nc-d hu<\ Imilt by the 

Bureau of Public Buildings and Orounils. Washington. D. C. 

John J. Earley. sculptor 
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clear the wires it will fall into loose piles and form 
what has been called sand pockets. If the water-pres- 
sure is not greater than the air-pressure, the needle jets 
will fail to puncture the stream of flowing dry material, 
and will fail to secure satisfactory hydration. The ac- 
tion of the air helps to atomize Uie water, thus spray- 
ing the dry particles as they pass by. 

A number of tests have shown that the proper pro- 
portions of cement and sand for the gun is one part 
of cement to three parts of sand, which, in view of the 
rebound, means that the mortar in place will be equiva- 
lent to a one to two and a half mixture. Careful tests 
have been conducted comparing the strength of gun- 
placed mortar with the best hand-placed mortar, and 
it has been found that not only could material be 
placed with a gun much more economically, but that it 
also has much greater strength. In one comparison a 
ditch that was being covered to the thickness of one 
inch had a depth of four feet and a bottom width of 
six feet with side slopes of one to one. Seventeen lin- 
ear feet of this ditch was covered in one hour by the 
gun, three men being employed in its operation. Prac- 
tically the same amount of material was used as was 
required by five men to cover the same distance by 
hand. They applied a coating one and a half inches 
thick, which is an indication of lower density; and it 
took the five men two hours and forty minutes. This 
means a saving of 40 per cent, in the cost of machine- 
placed mortar as compared with hand-placed mortar. 

To determine whether there was any appreciable 
difference in the water-tightness of the two coatings, 
holes were dug behind the walls to a depth of a foot 
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below the bottom of the ditch. These holes were then 
filled with day and water. When the pnddle reached 
the height of three and a half feet above the bottom, 
the hand-placed mortar broke np from the hydrostatic 
pressure and the permeation of the moisture. The 
gun-placed material was able to withstand a height of 
five feet without any effect other than a % inch rising 
of the bottom. Samples of gunite, as cement-gun 
placed mortar is called, have been tested in the labor- 
atories to determine the imperviousness of the mortar, 
and at the University of Calif omia samples one inch 
thick were subjected for two hours and twenty minutes 
to a pressure equivalent to that of a column of water 
1,610 feet high, with no indication of moisture coming 
through. At 3,400 feet the specimen broke on bending, 
after having leaked a little just before breaking. 

Still another series of tests has been made to deter- 
mine how effective is the bond between the gunite and 
any underlying materiaL When the surfaces have 
been cleaned and thoroughly wetted, there is very little 
variation in strength between masses of gunite. There 
is reason to believe, therefore, that the adhesion be- 
tween new and old surfaces is substantially perfect 
Where a tensile strength and compressive test has been 
made, gunite has shown a strength 30 per cent, greater 
than hand-placed materials of the same kind. 

Another important point is the reduction in volume 
which must be due to the filling of all the voids, and 
with this decrease in porosity there is a marked in- 
crease in water-proofness. The decrease in volume of 
units of given strength and the method of working in- 
hat forms as ordinarily employed can be elimin- 
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ated to a great extent; and as there is no hydrostatic 
head to be withstood, as is the case with concrete, no 
heavy bracing is needed. In built-up walls cement has 
been shot from the inside against movable panels near 
which the reinforcing material is suspended, so that 
the desired thickness can be built up, and, when prop- 
erly set, the panel moved on for the next section. At 
times tarred paper has been found a sufiScient backing 
against which to shoot gunite through wire reinforce- 
ment, which soon becomes embedded in the mortar. 

That thin slabs of this character have unusual 
strength is proved by tests made at Lehigh University, 
and also by engineers of the Quartermaster's Depart- 
ment of the United States Army. Thus a slab two and 
a quarter inches thick and seven feet wide was rein- 
forced with triangular mesh woven wire reinforcement, 
and when ten days old was loaded with sand-bags until 
the loaded portion bore a weight of two hundred and 
seventy-eight pounds to the square foot. A deflection 
of one and five eighths inches occurred, and a crack 
appeared; but when the load was removed at a later 
date the nonnal position was resumed by the slab, and 
the crack appeared as a hair crack. It is evident from 
this that with the use of gunite the load on supporting 
piers could be somewhat reduced. Another series of 
slabs were tested by the United States Shipping Board, 
having in mind the development of beams and other 
units to be used for concrete barges. The failure of 
these slabs was by tension in the reinforcement, and in 
no case was there sufficient tension reinforcement to 
develop a high compressive stress before the steel had 
passed the yield point. 
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It has been shown that gunite has very close adhesion 
to steel reinforcement, and that its high density pre- 
vents the absorption of more than small amounts of 
moisture. These features, together with high strength, 
has resulted in successful use in concrete ship and 
barge work. In the case of barges, interior panels 
have been set up, against which gunite is shot from 
the outside. The walls are thus built up in one opera- 
tion, and afterward troweled to true surface. The ribs 
are then built up directly against the completed walls, 
again using the gun. One such barge, upon having her 
side stove in, was completely repaired in about two 
hours, again using the cement-gun. 

The several advantageous features that have been 
outlined above have brought the cement-gun into use 
in a wide variety of applications, and have introduced 
cement as a protective coating in places where it could 
not have been used otherwise, since a film less dense 
would have failed. A few of these special applica- 
tions can be mentioned. 

Railroads have had considerable difficulty with the 
corrosion of iron and steel that comes into frequent 
contact with smoke and gas from locomotives. The 
sulphurous and sulphuric-acid vapors in the products 
of combustion come into contact with these metals in a 
way to cause great corrosion. Steel can be preserved 
from this destruction by coating it with cement, which 
has been found to be one of the best preservatives for 
this purpose. Before cement can be applied the metal 
must be sand-blasted clean, and the cement-gun can 
be used as a sand-blast apparatus for this purpose. 
The machine allows the application of the mortar under 
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pressure in a way that fills all pores in the surface of 
the steel and eliminates the air that always accom- 
panies hand-placed mortar. In one of the great ter- 
minals more than one million square feet of steel sur- 
face has been covered with an almost unbelievable sav- 
ing in the dead load, and at a cost less than that of the 
forms that would have been necessary had the concrete 
been poured. 

Previous to application of cement in this fashion to 
protect steely careful tests were made with special 
coated pieces to ascertain to what extent a change in 
temperature and atmospheric conditions would be 
detrimental A piece of four-by-four-inch angle-iron, 
two feet long, was sand-blasted, and in one hour after 
cleaning was coated with a one-to-three mixture of 
cement and sand, the thickness of the coating varying 
from one-quarter to one-half inch. After setting, the 
sample was stored in moist sea air for three days, and 
then immersed in salt water for three days. It was 
then held at five degrees below zero for forty-eight 
hours, but not a particle of cement flaked off. It was 
coated with ice, allowed to thaw out overnight, and 
again examined, but no flaking occurred. The sample 
was then placed on top of a boiler and left there for 
three days. Careful examination with a microscope 
failed to show any unsoundness. The piece was then 
cooled and afterward dropped two feet, first on a 
wooden floor and then on a concrete floor. There were 
no cracks or checks. The sample was then dropped 
ten feet on a cement floor, and this broke the coating 
from the outside but not from the inside of the angle. 
The metal so exposed was examined for rust spots 



Digitized 



by Google 



146 THE NEW STONE AGE 

which would have indicated penetration of the water, 
but the metal was as dean as when sand-blasted. 

Following this series of tests, the steel structure was 
protected, and after several months' wear, during which 
time very heavy loads were moved over it, no cracks had 
appeared, and a ringing sound when struck with a ham- 
mer indicated a perfect bond with the metaL 

Severe tests have been made with gunite on levees 
in the Mississippi Biver area, where it was found that 
if a two-inch layer of gravel is first spread on the 
bank and afterward treated with very wet gunite, an 
impervious dense mixture can be built up. With a 
mixture of one part of cement to three parts of sand, 
the cost is about one third less than when an ordinary 
one: three: five concrete mixture four inches thick is 
employed. The tests have demonstrated the superi- 
ority of the protected levees of small sections over the 
larger standard sections of earth alone. Very little 
seepage occurred, and where gunite and sheet piling 
were used together no seepage occurred. The levee it- 
self and the fields behind it remained dry. Such pro- 
tection is particularly valuable where there is much 
wave wash, or where the land on which the levee can be 
built is expensive, since a smaller bank protected with 
gunite will give even better service than the large 
standard earthen bank. 

The water-proof character of cement mortar, placed 
with the aid of compressed air, has made it a favorite 
medium for the repair, water-proofing, and indeed 
construction of various dikes and reservoirs. Where 
masonry has been used, the old mortar is very apt to 
beconxe fragile or disintegrated, and no method of plac- 
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ing new mortar excels the cement-gun. The material 
shot from it penetrates all crevices and covers up every 
crack. On one reservoir where a section was carried 
away, the old masonry was prepared for surfacing 
while the new was being put in place. The old mortar 
was taken out to depths varying from one to three 
inches, and the walls were then cleaned and sand- 
blasted, and sprayed with water immediately in ad- 
vance of the gun. The whole interior of the wall, in- 
cluding new masonry, was then coated, and the final re- 
sult is a complete success. There has been no seep- 
age. In this case the plaster was applied to an aver- 
age thickness of three inches in a band about three feet 
in height above the floor-line, and carried on up with 
a thinner coating at the top of the wall. 

In another case, a brick-lined reservoir showed so 
many leaks that it was relined with cement mortar shot 
in place, using a reinforcing mesh. An impervious 
condition was thus secured. In still another instance 
the ordinary concrete walls of a reservoir had disinte- 
grated to such an extent that in five years the surface 
had disappeared to a depth to expose the reinforce- 
ment of triangular mesh wire. More recently the 
reservoir has been lined entirely with gunite, and with- 
out stone, using double reinforcement of triangular 
mesh wire. The use of heavy equipment was avoided, 
and indications are that the work will be entirely suo- 
oessful. 

In Nevada an irrigation canal four thousand feet in 
length, five feet at the bottom, from eight to ten feet 
wide at the top, and with an average depth of four 
feet, has been lined with gunite, using a woven wire 
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reinforcement. The cement coating is two inches thick, 
and, notwithstanding high costs because of the in- 
accessible location, the saving in water through cessa- 
tion of seepage has indicated the wisdom of doing the 
work. The saving of water has been strikingly shown 
by the fact that vegetation which formerly flourished 
at the sides of the flume and beneath it on hillsides is 
now withered. 

Dams have also been surfaced with gunite. In re- 
pairing dams, cracks on the upstream side are usually 
opened up with chisels to a depth of five inches or so, 
and then poured nearly full with hot asphalt, after 
which three layers of heavy burlap are painted over 
the crack with heavy coats of asphalt, so that they ex- 
tend several inches each side of the crack. After re- 
pairing the cracks in this manner, the entire surface of 
the dam is covered with reinforcing wire mesh secured 
in place by spikes let into the masonry or concrete, 
after which the whole face is ready to be coated with 
gunite to a thickness of about three inches. 

The necessity of thoroughly cleaning out old joints 
and cracks in masonry is illustrated by the experience 
of repairing the sea-wall at Governor's Island, New 
York. Although it was shown that the cement mortar 
had penetrated many crevices over two feet, failures 
have occurred where the seaweed and debris had not 
been thoroughly removed, thereby interfering with a 
proper bond. The joints in 4,300 linear feet of this 
wall were filled in one month, working between tides. 

Masonry in places other than in contact with water 
often needs repointing and general repair to joints and 
surfaces. This has been successfully done with the 
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oement-gnn. The joints are washed, cleaned, and 
otherwise made ready, after which the surface is 
covered with light reinforcement and the mortar shot 
into place. The piers of a railroad bridge sixty-three 
years old had become disintegrated; but in 1917 these 
were restored and covered with an impervions coating 
of gonite, at a cost of only forty-seven cents a square 
yard, although the work was done under disadvan- 
tageous conditions. 

In building construction exterior stucco and interior 
plaster are often placed with the gun. Frame dwell- 
ings are frequently made new by this process, and no 
better method has been developed for covering brick or 
old concrete buildings, as well as hollow tile. When 
covering frame buildings, it is customary first to make 
sure that the frame will carry the additional load; that 
the window-frames and other parts are in proper 
place and condition ; and, since wood shows a tendency 
to absorb moisture, it must be protected from the mor- 
tar, from which it would otherwise shrink. A layer of 
tar-paper is therefore tacked in place. A light rein- 
forcement of mesh is then put on with staples, and the 
mortar shot into place. 

Where frame-work is used, the most satisfactory 
method of wall construction is obtained by placing the 
reinforcing wire directly upon the frames, and cover- 
ing this with from three quarters of an inch to two 
inches of cement mortar. The reinforcement mesh 
must be furred away from the frame in order to be 
sure that it is entirely covered, and, as in all reinforced 
concrete, the reinforcement should be near the inner 
side of the slab. In carrying out this work, a panel 
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maj be placed along the plane of the outer surface of 
the wall, to be removed when the wall is finished ; or 
tar-paper may be placed on the frame, where it acts as 
a form. The tar-paper serves the twofold purpose of 
insulation and a backing for the gunite. 

There are a few principles to be observed in this 
method of construction. The tar-paper must be drawn 
tight, and firmly held in place; and the wire must be 
drawn to as near a true plane as possible. All rein- 
forcement should be mesh of not less than one and a 
half inches. Reinforcement should never break at the 
comers, but should be carried around the comer for 
at least a foot. In a sharp bend the mesh should be 
doubled and strengthened \>j the addition of a small 
strip under and over the comers of windows and doors. 

Some contractors use some type of fiber, such as old 
rope cut in very short lengths, claiming that this is 
an aid against checking. Others find that one part of 
cement, to which ten per cent, hydrated lime has been 
added, to three parts of sand is the best mixture. 

Sometimes air-spaces are desired for insulation. 
This is accomplished best with three thin walls. The 
first can be shot against a movable panel set the 
proper distance beyond the reinforcement ; the center 
wall can be built up against tar-paper over which a light 
reinforcement is hung; and the third or inner wall 
built up on reinforced tar-paper with reinforcing mesh 
hung against it after the first layer of gunite has been 
sprayed upon the paper. In this way, three thin walls 
are constructed, providing a double air-space. This 
'oauL.afioomplished in one instance where an all-steel 
used, the outer and inner walls being sup- 
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ported directly on the channels, with the center wall 
supported by the tie-rods. 

Boofs may be placed with the gun, just as well as 
other parts of the building. Edges and valleys must 
be doubly reinforced. Where expansion joints are to 
be included, these are made by turning the reinforce- 
ment mesh upward at the proposed joints, and placing 
between them several layers of tar-paper or felt. 
These vertical joints can afterward be capped with 
either metal or an inverted U of reinforced gunite. It 
is customary to shoot roofs from underneath against 
movable panels and light boards. The lower coat is 
shot to the thickness necessary to insure stability, and 
the finishing coat is then put on from above, after the 
panels have been removed. 

Ounite has found useful application in treating rail- 
road cuts to prevent falling of earth, and the right of 
way has been kept free through this system of sealing. 
It finds extensive application in tunnel, subway, and 
tube construction. It is equally important in mines, 
where it can be used to prevent the atmosphere from 
coming in contact with the strata making up the mine 
roof. It is the weathering of this material that often 
leads to the falls that cause continual expense for 
maintenance and repairs. Where timbers in mines 
are covered with cement mortar, they are also made 
weather-proof and fire-proof, and besides this there 
is less opportunity for dangerous floating coal-dust to 
lodge, so that the explosion hazard is decreased. An- 
other important thing is the extent to which the cir- 
culation of air can be stopped, for in efforts to control 
fires in mines with ordinary equipment the ease with 
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which air permeates ooal, etc., makes it diflScnlt to 
build up gas-tight protection walls. 

At the experimental mine of the Bureau of Mines, ex- 
tensive coating of entry and of passages has been done 
by way of experiment, and this lining comprises some- 
thing more than one thcmsand linear feet of entry. The 
roof coating is from one-quarter to three-quarters of 
an inch thick, with the sides from one to two inches 
thick. In this work the dry-mixed material has been 
conveyed a distance of four hundred feet to the nozzle, 
and the following differences between cement mortar, 
applied by hand and mechanically, have been noted. 
In tensile strength the gun work excelled the hand work 
from twenty to two hundred and sixty per cent.; in 
compressive strength, from twenty to seven hundred 
and twenty per cent. The percentage of voids in gunite 
are only fifty-two to seventy-five per cent, of those in 
the hand-made product. The adhesion of the gun- 
applied mortar was, on the average, twenty-seven per 
cent, better than by hand work. The hand work ab- 
sorbed from 1.4 to 5.3 times as much as the gun-made 
mortars and, as far as surface permeability was con- 
cerned, the gun work absorbed from one twentieth to 
seven tenths as much water per hour per unit area as 
hand-made surfaces. 

The fire-proofing of timbers with gunite coating has 
been taken up very seriously by a number of the larger 
mines where shafts have been gunited. Notwithstand- 
ing the wide differences in temperatures to which gunite 
may be subjected in mining operations, it has stood 
weU. On one property the temperature at the collar 
of the shaft is frequently far below zero, while in the 
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pump-house the temperature near the roof exceeds 
100^ F. 

Virtually all of the work in mine-shafts is done with 
light reinforcing material. With respect to mine oper- 
ations the conclusions that have been reached are that 
the method of applying cement-sand coating in entries 
or tunnels in coal-mines with weak roofs is entirely 
successful, that the results of weather-proofing are 
very promising, that steel supports can be protected 
from rusting and wood timbers from fire. Fire-walls 
can be made gas-tight, can be quickly placed and re- 
paired, and the method of applying the mortar with 
the gun is of the greatest advantage in fire-proofing 
wood mine timbers, covering adjacent porous forma- 
tions, and making them air-tight. 

Another field of usefulness is in highway repair 
work. 

All in all, the cement-gun bids fair to become one of 
the most useful appliances in modem construction, 
and in maintaining and repairing various types of 
structures. In it a great number of advantages are 
combined, and it is another illustration of what can 
be done with the proper control of air. It belongs 
well up in the list comprised of such items as the 
pneumatic driU, the pneumatic painting-machine^ the 
pneumatic hanmier, and several other achievements of 
engineering that depend for their eflScient operation 
upon the compression or expansion of air. 



Digitized 



by Google 



CHAPTER XTTT 

HIGHWAYS 

The primary purpose of highways is to promote com- 
merce and, incidentally, to facilitate ready contact be- 
tween the individuals of communities that may be fairly 
distant. Sooner or later, possible emergencies call for 
types of construction that will carry more than the 
normal load and will be sufficiently permanent to repay 
the additional cost that such construction may entaiL 
The famous highways of ancient times, which are still 
used in some parts of the world, were those built for 
military purposes, and the less important ones were not 
so built as to endure to our day. The present state of 
repair of these old roadways depends, in part, upon the 
climate in which they are found, the care exercised in 
the original design, construction, amount of traffic, and 
their maintenance. 

The endurance of our own roads depends, of course, 
on the same factors, and our good roads, begun as an 
aid to trade bringing the producer nearer the market 
centers and affording the advantage of community life, 
have now become great lines for transportation under 
all conditions. Man being naturally a social animal, 
the first roads improved in the community are generally 
the main highways to the village, the church, and the 
school-house, and, because these bear most of the travel, 
they are usually the first to be made more permanent 
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Changes in transportation f acilitiesy as to the number 
of vehicles, the kind, and their speed upon the highway, 
together with the increased load carried, have made it 
necessary to extend our good roads program. This 
had already begun when it became necessary to turn 
at once to motor transportation to relieve congested 
railways and to gain time in serving the military estab- 
lishment. 

Thus experience has taught the country at large the 
value of good roads as a part of a national transporta- 
tion system and the necessity of still better building to 
withstand modem traffic. The military roads of old 
could hardly have had such an important peace-time 
usefulness as do our roads, because of the smaller areas 
covered by them and the smaller population concen- 
trated in greater proportion about certain centers. 
The ancient roads did involve the use of cement and 
concrete, according to the views of many who have ex- 
amined the remaining materials and find upon them the 
marks remaining from the wooden forms which, it is 
believed, were used somewhat after the fashion in 
which we use wood or metal forms today. 

In this chapter it is desired to indicate something of 
the care that should be used in constructing a standard 
highway, and to indicate some of the particulars in 
which the concrete highway qualifies as a structure 
comparable to the Appian Way or any of the roads of 
old that have won our admiration. The point is that 
it is not so difficult to build a good road, but that the 
extra precautions which, if taken, will make a good 
road still better certainly repay cost. 

The rapidity with which the good roads movement 
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has brought concrete into prominence is shown by sta- 
tisticsy which indicate the cnmnlative increase of con- 
crete roads, streets, and alleyways in the United States 
from 1909 to 1918, Using the square yard as the unit 
of measurement, the total in 1909 was less than five 
million square yards. This increased slowly, reaching 
ten million yards in 1912, since which year the increase 
has been rapid, reaching as much as fifty-three million 
square yards in a single year, fifteen million in each of 
several years, and in 1919 the cumulative total was 
more than one hundred and thirteen million square 
yards. Of this, between seventy and seventy-five mil- 
lion can be attributed to roads, something more than 
thirty-five million to streets, and nearly five million to 
alleyways. 

This development has been so gradual in some local- 
ities as to indicate clearly the policy of putting down 
a few miles, watching its behavior, and then perhaps 
trying a few more. In many states and communities 
definite plans have been worked out, and these plans are 
being followed as rapidly as events will permit. A few 
localities have adopted the plan of laying one half of 
the road, so that many more miles may be covered with 
enough concrete to give a width that answers the 
greater part of the time, leaving the other longitudinal 
half to be laid when more funds are available. While 
there are some objections from a construction stand- 
point to this method, there is something to be said in 
favor of it, since its use makes possible the more rapid 
extension of the good road system, and thus has a 
direct bearing upon the effort to make life on the farms 
comfortable and attractive. 
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In many oommnnities concrete roads have developed 
wayside markets, and increasing numbers of people 
take delight in driving into the country to buy from 
improvised stands. Good roads also effect a great 
saving of time and power, whether the vehicle is horse- 
drawn or motor-driven. 

This point has been well tested, and the results may 
be expressed in any one of several ways. If the num- 
ber of pounds necessary to pull a ton is used as the 
basis for comparative figures, then it can be shown 
that the loose-gravel new road requires 263 pounds to 
pull a ton, over a level stretch. This is reduced to 218 
pounds if it is an earth road with a soft mud surface, 
and a further improvement is to have the earth road 
covered with fine dust, when 92 pounds is required. A 
good gravel road makes it possible to move the same 
load with 78.2 pounds. A water-bound macadam, when 
m good condition, requires 64.3 pounds. Using a con- 
crete base upon which asphaltic oil, with which screen- 
ings have been mixed, forms a top cover three eighths 
of an inch thick, this power is reduced to 49.2 pounds ; 
but concrete itself unsurfaced gives the best figure re- 
ported, namely, 27.6. 

In these days of motors, it is popular to express such 
results in the number of miles that can be traveled upon 
a gallon of gasoline. This test was made by a motor- 
truck company, using five two-ton vehicles. The ex- 
periment was conducted in 1918 during cool weather, 
and the trucks were loaded to capacity in each of the 
tests. The earth road made 5.78 miles to the gallon 
possiUe; fair gravel, 7.19; good gravel, 9.38; fair 
bituminous macadam, 9.48; fair brick, 9.88; good brick. 
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11.44; and concrete, 11.78 miles to the gallon. Thus, if 
all of our roads were paved with concrete, it would be 
possible to save 50 per cent, of the motor fuel now used, 
thereby greatly lengthening the time for which the pres- 
ent visible supply would suffice. 

The high first cost involved in installing any good 
road is frequently used as an argument against its in- 
stallation ; but it can be proved that differences in cost 
of maintenance and repairs, calculated over the life of 
a modem highway made with concrete, are enough less 
than the sums required in other instances to make such 
highways an item of economy. Three roads of other 
grades will not outwear a single concrete roadway, 
and, when maintenance and interest upon bonds are 
added to the first cost in both instances, there is a dis- 
tinct gain in favor of the concrete highway. 

The reports of the State Commissioner of Highways 
in each of several States show maintenance of concrete 
roads to be approximately four mills ($0,004) per 
square yard per annum. Using the average width of 
the concrete road as a basis for calculation and the 
actual cost figures in the several highway departments, 
we find first-class concrete costing about $115 a mile 
annually for all types of maintenance; good gravel 
roads run between $800 and $900, while macadam is 
above $950 per mile per annum. 

This, of course, directly affects the tax-payer, but 
people are beginning to see the fairness of not asking 
the tax-payer to assume the total cost of a roadway 
that we now have reason to bcflieve will last for many, 
many years. Surely the coming generation should, in 
all fairness, be expected to pay a part of the cost, and 
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therefore the bonding system of finance is coming into 
general use. 

Another way in which good roads affect the tax-payer 
is in the maintenance of his vehicles that travel over 
various types of roads. We are rapidly approaching 
the eight million mark for automobiles and trucks of 
various classes licensed in the United States, so that 
something approaching thirty-five miUion tires are in- 
volved when we speak of increased mileage and a de- 
crease in wear and tear upon tires and vehicles. 

The material under discussion— <5oncrete — has been 
found satisfactory on unusually steep grades, some of 
which are as high as 29 per cent, there being such a 
grade in Los Angeles. There are many examples of 
grades running from 9 to 20, and the less steep are 
oonmion to all who drive. Perhaps more important is 
the ability of the concrete road to withstand all sorts 
of requirements. Any other road that could be built 
for anything like the price of building first-class con- 
crete would be certain to fail soon under loads now 
commonly carried over considerable distances. Note, 
for example, the tests made upon certain types of 
trucks that are loaded to their maximum to show what 
they will hold, without a second thought being given 
to the ability of the roadway to support such a load ; 
for experience has shown that concrete, if laid accord- 
ing to the best engineering practice, will sustain it. 
The practice in the Northwest of hauling great timbers 
on trucks especially designed for the purpose is another 
example. 

In the design of concrete roadways, it must be borne 
in mind that as soon as the improvement has been com- 
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pleted the traffic it will be required to carry is sure to 
increase many per cent. This may demonstrate that 
the road is too narrow, or that it is too thin to bear 
comfortably aU that is required of it A good two- 
track roadway should not be less than eighteen feet in 
widthy and if many trucks are to use the roadway 
twenty feet is much better^ By light traffic is meant 
that which will provide no two vehicles to pass which 
will weigh more than six tons gross. Boads for this 
type of traffic are now made six inches thick at the 
edges and eight inches thick at the center for the 
eighteen to twenty-foot roadway. Where single, three- 
track, and four-track roads are to be put down, the de- 
sign is naturally amended. The streets and roads 
bearing heavy traffic, with a width up to forty feet, 
customarily have a thickness at the side of eight inches, 
with ten to twelve inches at the center. 

These roads are designed with a crown that need 
not exceed one hxmdredth of the width, and at times 
it is satisfactory to design such roads without a crown, 
especially if a finishing-machine is to be used in con- 
struction. Alleys, for the sake of drainage, are usually 
designed with a reverse crown or a Concave surface, 
and the thickne^ of the concrete is dependent upon the 
maximum load that it is expected an alley must bear. 

Oood design now calls for a decided widening of the 
roadway at the turns, and these are frequently banked 
as well. The extent of both widening and banking is 
dependent upon the radius of the curve. As a matter 
of safety, it has been argued that no highway or street 
be paved around a curve of less than 150 feet radius at 
the inside edge, and where possible the radius should 
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A TYPE or MODERN CONCRETE MIXER USED EXTENSIVELY IN ROAD 
BUILDING 

Note forms at the road side, the unit boxes of aggregates and cement on the 

indostrial railway, the skip which conveys the mixture to the rotary mixer 

and the beam with traveling bucket to deliver the concrete 

where wanted 
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be inereased in order that better vision can be bad and 
ample width provided for safe passage of vehicles. 

The sub-grade, or earth, upon which the concrete is to 
be laid is a very important factor. The essential point 
is that as nearly a uniform condition as possible should 
be secured in the sub-grade. It does not make much 
difference whether this is wet or dry, so long as it is 
fairly constant. Sometimes extra reinforcement is 
used in swamps, or where the sub-grade is unstable for 
any reason. It is not uncommon to find the soil on a 
hilltop considerably more porous than is the case part 
way down the hilL Where soils of differing texture 
join, there is almost sure to be an accumulation of water 
that follows along such a seam, and this in wet seasons 
will produce a soft, seepy area. In such cases drains 
must be provided, and these usually reach into the more 
porous soil, so that the accumulation of water may be 
avoided. In a flat country drains are usually provided 
for the shoulder of the road. 

The principal difference between the country road 
and the dty street is the curb extending above the pave- 
ment level A great deal of pavement has been laid 
with separate curbs placed adjacent to the pavement 
after it has hardened sufficiently to bear the workmen 
and the forms with safety. This necessitates a second 
operation, and does not give as satisfactory a job as 
the more recent integral form of curb. This system 
aUows the curb to be laid at the same time as the pave- 
ment itself, and the saving in time and labor indicates 
that the integral curb is 50 per cent, more economical 
than either the separate curb or the combined curb and 
gutter. Besides this, the job is finished as the work 
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progresses, and, in general, streets can be opened for 
complete use a considerable time in advance over that 
possible by any other method. 

Aside from these construction advantages, it can be 
shown that the curb with a rounded intersection, such 
as the integral curb provides, is a difficult place for 
dust and dirt to collect, that it is practically self -clean- 
ing, and that it actually serves to increase the width of 
the road, since vehicles are parked close to such a curb 
without injury to tires or rims. One of the objections 
to the usual concrete curb has been the abrasion from 
vehicles, which might soon cause chipping and disinte* 
gration; and this is obviated by the integral curb. 
There have been cases where gutters have broken 
through, but this can also be avoided by using suitable 
thickness of concrete at such points. Since as the name 
indicates, the integral curb is an actual part of the 
roadway, the joints in it are made in perfect alignment 
with the joints of the pavement, and expansion joints 
may be aUowed to remain open, no filler being used. 

Occasionally it is economical to use two-course con- 
struction, especially in laying a road through an area 
where local aggregates may be available in quantity, 
but where their physical character, such as resistance 
to abrasion and wear, is such as to make it necessary 
to bring better aggregates for the top or wearing coat 
Where this practice is followed, it has been recom- 
mended that the lower course, using the less desirable 
aggregate, be a concrete in which one part of cement 
is used to two and a half parts of fine and four parts of 
coarse aggregate. The top course must be laid imme- 
diately after the lower course is placed and rolled. 
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This upper coarse should be not less than two inches 
in thickness, and aggregates exceeding one inch in size 
should not be used. The mixture should be one part 
of cement to one and a half parts of fine and two and a 
half parts of coarse aggregate. 

The materials used are the ones familiar in concrete 
construction. All of them must be thoroughly tested, 
the mixture being designed in accordance with the 
strength desired and the aggregates available. In ex- 
tensive work, samples of the concrete are often cast in 
the field from the material, as it is being placed, and 
results from such tests not only indicate the types of 
materials employed, but give information regarding 
manipulation. 

It is nearly always desirable to use local sand, and 
this must be examined for organic impurities and silt, 
and aggregate should also be tested with respect to the 
organic material that it may carry. By clean sand in 
all concrete constructions, one that is free from clay, 
loam, silt, or organic matter is meant Care is neces- 
sary in grading aggregates, and where stone screen- 
ings are used for fine aggregate there must be no dust 
with it. In the coarse aggregate it is essential to have 
tough, hard stone. Brittleness is to be avoided, and 
unless the aggregates are much harder than the mortar 
they afford no advantages whatever. 

Too few look upon highway construction as an under- 
taking of the magnitude it really is. To be carried on 
successfully, careful organization and efficient equip- 
ment are needed. Care has been taken not only in 
working out the proper organization of a crew for hi^- 
way and pavement construction, but diagrams and blue- 
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prints are made available indicating efficient methods 
for placing raw materials with reference to the work as 
it progresses, devices for conveying materials to the 
mixer and from the mixer to the roadway. 

Work may be calculated on the capacity of the 
mixer, using, as is customary in concrete construction, 
the bag or cubic foot of cement as the unit. Supposing 
that a pavement twenty feet in width is to be laid with 
two-course construction and an integral curb, labor will 
be distributed somewhat as follows; assuming that 
there will be a boom-and-bucket delivery of the concrete 
to the point where it is placed : The foreman will di- 
vide his crew xmder the headings of forms, mixing and 
placing, finishing and curing, and protection. The 
forms will require a man to set them, and he will have 
a helper. Under mixing and placing, fourteen shovel- 
ers and wheelers will be needed, four cement handlers, 
one engineer, the mechanical mixer batch operator, and 
a fireman who will also wet down the sub-grade before 
the concrete is placed. Then there will be two concrete 
distributors, two men who will install any reinforcing 
and joint filling material, a man to attend to details of 
the sub-grade, and of course the ever-present water- 
boy. The finishing calls for a working foreman, two 
finishing helpers, and a Inter, who also assists in rolling 
and belting the roadway. Two shovelers attend to de- 
tails of curing and protection. 

Since concreting of this type is a continuous opera- 
tion, it will be seen that, even with this division of 
labor, there must be dose cooperation if efficiency is to 
be attained. 

The equipment needed includes a variety of ma- 
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terialsy from the big batch-mixer to the stakes to be 
driven to hold the forms in place. 

An examination of the catalogues of companies 
specializing in equipment for laying concrete road- 
ways will indicate at once that a great deal of ingenu- 
ity is displayed in providing this equipment. Design 
has done well in keeping up with improvements re- 
sulting from scientific studies, and this progressive- 
ness is indicated all the way from machinery to be used 
in preparing the sub-grade to devices for finishing the 
roadway itself. The contractor today can command, 
wherever the extent of construction justifies, rotary 
graders that dig and load from sixty to one hundred 
cubic yards every hour. These are motor-driven ma- 
chines, moving forward on their own power, cutting 
out the road-bed, and loading the material so removed 
into trucks that take position alongside the conveyor. 
The digging is done by a rotating cylinder carrying 
herring-bone shaped buckets provided with teeth on 
their cutting edges. This cutting wheel is adjustable, 
so that a cut from one inch to two feet can be made, 
and these are more than five feet in width. The device 
moves forward as the cutting is being done, so that a 
tremendous amount of work is possible with a minimum 
of manual labor — quite in contrast with the old horse 
grader gang with its plows and picks and shovels. 

There are also machines that can be adjusted to cut 
the sub-grade to the exact contour desired, and this 
device is sometimes designed to ride upon the edges of 
the heavy steel forms, used not only to support it, but 
to confine the concrete while it is setting. There are 
many mixers, some of which can be located so that the 
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mixing action will continue without interruption for 
the time mentioned in the specifications. There may 
also be a measuring device for the water to be used 
with each batch; and, having once determined the 
quantity of water required to give the best consistency 
with the materials in hand, this device may be locked so 
that concrete of uniform quality is sure to be delivered. 

It is a long step from the old mixing platform where 
a number of workmen constantly turned the batch with 
shovels until it was uniform in api>earance to the labor- 
saving machines that are available today for extensive 
work. These mixers are self -driven ; some have cater- 
pillar traction, and the more complete ones include a 
boom designed to serve as a track for a bucket operated 
by a cable and under the control of the engineer. With 
this device there is a great saving in labor and a marked 
increase in the yardage that can be placed daily. The 
bucket opens automatically at whatever point it may 
be stopped on the boom, and thus partially spreads the 
concrete delivered. This bucket automatically closes 
when it returns for the next load. At the other end 
of the machine is a skip into which the raw materials 
may be delivered by wheelbarrow, or into which they 
are sometimes dumped from special boxes delivered 
alongside by a little industrial railway. The crane 
lifts these boxes from the trucks and quickly dumps 
their contents into the skip. This type of box has a 
further advantage in that proper proportions can be 
placed in it at a central plant adjacent to the stores of 
raw materials. Boxes are also used without the skip. 

Another method for conveying raw materials to the 
mixer is the use of a belt conveyor over which measur- 
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ing bins are mounted on rollers that enable the work- 
men to place them in a position accessible to the ma- 
terials. The nnmber of bins depends upon the capa- 
city of the mixer, and they can be adjusted to give the 
required quantity of material. The belt moves at the 
rate of 450 feet a minute, and quickly carries the 
proper proportion of raw materials to the mixer. This 
eliminates the wheelbarrow, and n^es possible a 
marked increase in the amount of concrete that can be 
placed daily. 

Some mixers are provided with heating systems, so 
that asphalt can be mixed with aggregate. These heat- 
ing systems are also useful when placing concrete in 
cold weather. 

Thus far, the storage of raw materials on the ground 
has been considered; but frequently portable material 
bins of large capacity are set up in a way to allow the 
batch-boxes, previously described, to be run under them 
on the portable railway. These material bins are filled 
by mechanical loaders from railway cars, so that there 
is no rehandling of material. Sometimes such portable 
bins are so designed that a standard flat-car can be used 
to transport them, and by the use of jacks they can be 
easily reset in any desired location. 

Any contractor, bidding upon the construction of a 
roadway, will give careful consideration to the water 
supply, which must be free from oil, acid, alkali, or 
vegetable matter. The supply must be ample, and 
sometimes it is necessary to sink special wells. 

Small reservoirs, or stand-pipes, have been con- 
structed in order to furnish water under pressure. The 
size and type of the pumping plant depends upon the 
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length and grade of the pipe line and the size and con- 
dition of the pipe. A minimnm of twenty-five gallons 
of water to the square yard is usually required, and this 
may run up to very much larger figures. For the cur- 
ing process from twenty-five to thirty gallons to a 
square yard is needed, and this may increase in hot 
weather. About eight gallons a square yard are needed 
for mixing, and another gallon or two will be used in 
preparing the sub-grade. 

Another important accessory is the forms, which mfij 
be of either wood or metal. Wooden forms are of 
heavy timbers, usually two inches in thickness, held in 
place by suitable stakes. More recently steel forms 
have come into use, and some of these are designed to 
cast the integral curb with the base. The devices for 
finishing the sub-grade and also for completing the 
pavement, which have been mentioned, frequently are 
carried upon forms of this description. 

Without going into details relative to the actual plac- 
ing of machinery, forms, and the like, the process of 
placing the road may be considered. The sub-grade is 
preferably prepared with the same contour as the fin- 
ished road is to have. It must be carefully prepared, 
and sometimes steps are taken to make it more firm 
and of uniform density. If very dry it is usually 
sprinkled. The concrete is distributed by a template, 
or, on pavements more than twenty feet in width, it is 
sometimes spread with a lute, which resembles a tooth- 
less rake. 

The distribution of the material to the proi>er depth 
is controlled by pins so placed that no more than slight 
irregularities will be left in the surface of the pave- 
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menty and these are removed by the finishing opera- 
tions. The pins are withdrawn as soon as the con- 
crete has been placed about them. Expansion and con- 
traction joints are left at definite intervals, and these 
joints are occasionally designed to be invisible. 
Joints have been used in which metal plates provided 
with bolts embedded in the concrete protect the slab, 
and between such plates asphalt felt may be used as a 
filler. In general, expansion joints extend entirely 
through the pavement and through the intergral curb, 
if it is used. The concealed joint is customarily em- 
ployed as a contraction joint 

Eeinforcement is often used in roadways and par- 
ticularly in city pavements. An expanded metal or 
reinforced wire mesh, weighing about twenty-five 
pounds to one hundred square feet, is often recom- 
mended ; and such reinforcement is placed not less than 
two inches below the finished surface of the pavement, 
and extends to within the same distance of joints, but 
of course is not permitted to cross them. At times steel 
bars five-eighths inch square or three-quarters incii 
round have been laid around the circumference of a 
concrete block. This plan has been suggested because 
cracks that occur are very likely to originate about the 
edges. The same care in using reinforcement in a con- 
dition that will insure a good bond with the cement 
is observed here as elsewhere. 

In finishing concrete roadways a machine may be 
used, or a roller and belt are employed. The machine 
has been found to give good results where a stiff mixed 
concrete has been used ; but if the machine requires a 
concrete with considerable water to work properly, it 
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cannot be reconunended. The roller method is exten- 
sively used. It has for its object to compact the mass 
and to work any excess water to the surface, where it 
can be removed. Such rollers weigh not more than one 
hundred pounds, and are operated either with a handle 
or with ropes and two bails, by which it may be pulled 
across the pavement. In use the roller is so manipu- 
lated that about two feet of the pavement is covered 
each time the roller crosses it. After once applying 
the roller, an interval of from fifteen to forty minutes 
is allowed to pass, and the operation is then repeated a 
second and a third time. 

Following the rolling, a canvas or rubber belt, at 
least six inches wide, is applied with a crosswise and 
longitudinal motion. This gives a smooth, homogene- 
ous surface, upon which a wooden float may be used at 
such points as is thought necessary — ^for example, at 
the joints. 

The material used in the joints is a plastic compound 
of such a character that it does not become brittle in 
cold weather nor excessively soft in hot weather. A 
bituminous material with a fiber matrix is customarily 
used. This is from one-quarter to one-half inch in 
thickness, and in laying the pavement a quarter inch 
or more of the filler is allowed to protrude above the 
pavement When the pavement has hardened, the 
excess filler is quickly trimmed, sometimes by using a 
shovel upon which metal strips have been fastened to 
give it proper height, so that not more than three- 
eighths of an inch of the joint filler will extend above 
the pavement. 

Much of the strength and wearing qualities of a con- 
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Crete road may be lost unless proper curing conditions 
are maintained for a minimnm period of at least ten 
days. All consistencies of concrete show great in- 
creases in strength under favorable curing conditions. 
As compared with concretes that have been allowed 
to dry out immediately, the affect upon wear is quickly 
apparent. Unfortunatelyy too little care has been 
given to the maintenance of proper curing conditions, 
and many faults of concrete floors, such as excessive 
wear and dusting, may be traceable to an insufficient 
supply of water for the hydration of the hardening 
cement. Dusting is not lively to occur in concrete 
pavements if sufficient water is gradually supplied by 
the elements ; but if it is allowed to dry out prematurely, 
it may have low wearing resistance in the first periods 
of its life, and may be badly worn even before the rain 
or snow has had an opportunity to supply the desired 
moisture. A variety of practices has grown out of 
this effort properly to cure pavement concrete. 

The method that has been used more than any other 
is to keep pavements covered for at least ten days 
with a minimum layer of two inches of moist eartii, 
which is sprinkled morning and night Following the 
belt finishing, the concrete is covered with canvas to 
prevent rapid evaporation, and as soon as earth can 
be applied with safety it is spread over it. At the end 
of ten days this covering is removed; but the pave- 
ment must be kept closed to traffic for at least another 
four days, and preferably from ten days to two weeks, 
especially if the temperature is not much above 50^ F. 
When the temperature is lower than this, the earth is 
sometimes omitted, as evaporation is not so rapid, and 
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frequent sprinkling substituted. An effort is always 
made to allow hardening to progress slowly and uni- 
formly. Nothing is to be gained by the premature 
opening of such a roadway to traffic 

Another method, followed particularly in warm 
weather, is called ponding. In this method about two 
inches of water is kept over the concrete for ten days, 
earth being formed into dikes around areas of such 
size that they will easily hold the depth of water de- 
sired. At the end of the day these areas are flooded 
with water not required for the mixer. This, of course, 
is applicable only to level stretches of pavement 
When the curing has progressed to the desired stage, 
the water is easily drawn away and the pavement swept 
dean. 

There have been cases where water under pressure 
is supplied to sprinkler heads, the pipe being supported 
on small blocks, and with this arrangement it is easy 
to furnish enough moisture without the necessity of 
any one going out upon the pavement day after day. 
On road work, each morning the previous day's pave- 
ment is covered with earth, and the canvas used to 
protect it while it was setting is rolled up to be used 
during the new day. Frames to support the canvas 
are often provided, so that immediately after a section 
has been finished, especially if it is hot or windy, it 
can be given protection. 

Winter brings another problem. The hardening of 
concrete proceeds very slowly at low temperature, and 
the water necessary for hydration must not be allowed 
to freeze. Sometimes the aggregates are heated in 
rotary heaters on large construction work, or by jets 
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of live steam directed into the piles as the material is 
loaded into the batch-boxes, cars, or wheelbarrows. 
The mixing water must also be heated, and chemicals 
are sometimes added for the purpose of either ac- 
celerating the hardening or preventing freezing. In 
general, engineers disapprove of the use of chemicals 
that would harden concrete; but under some circum- 
stances, where other protective measures cannot be 
readily employed, calcium chloride is 'sometimes em- 
ployed. This material possesses the property of lower- 
ing the freezing-point of the water and also of acceler- 
ating the setting of the cement. It is a crystalline ma- 
terial readily dissolved in the mixing water, and the 
quantity used should be about 3 per cent, by weight 
of the mixing water. It can be used safely if the tem- 
perature is only slightly below freezing. 

Ordinary salt is commonly used in concrete mix- 
tures. It lowers the freezing-point of the water, but 
it seriously retards the setting of cement, which is quite 
the opposite of the condition desired when placing con- 
crete in cold weather. 

As pointed out elsewhere in this book, as long as 
water does not actually freeze, the only diflSculty in 
placing concrete in cold weather is the slowness with 
which it hardens. Warmth tends to accelerate the 
initial setting; and that this may go forward with some 
rapidity, the recommended practice is to take steps to 
enable the concrete mass to be- placed upon the sub- 
grade when the temperature is not less than 80° F. 

In cold weather, immediately after placing concrete 
it must be protected either by canvas on frames, or 
covered with hay, straw, etc. Sometimes steam is 
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blown under oanvas covers; occasionally braziers are 
kept burning underneath canvas or other covering, and 
such other steps as are expedient are taken to maintain 
a temperature as much above 45^ as is possible for at 
least ten days. 

If sawdust is used for protective covering, it should 
be determined in advance whether or not it will stain 
the pavement surface. 

If concrete .roadways are to yield the long life of 
service of which they are capable, they must be main- 
tained in a systematic manner; and nowhere does the 
old adage that a stitch in time saves nine prove to be 
true to a greater extent than in this connection. As 
will be cited below, cracks are certain to form in such 
blocks of concrete ; and no matter how small these may 
be, they gradually widen, due principally to the ac- 
tion of freezing water that collects in the smallest 
cracks. Sometimes the whole system of cracks is made 
up of individual members so small that they tend to 
preserve the pavement, since the expansion and contrac- 
tion take place with more or less uniformity throughout 
the surface; and these small cracks may prevent the 
formation of a few very large ones. This is par- 
ticularly true of stucco, in -which there is little oppor- 
tunity for free water to collect. 

However, there are pretty sure to be a few cracks 
large enongh to merit special attention, and joints are 
also likely to become more or less separated. The 
necessity of attending to such cracks has led to the 
development of practically standard equipment in use 
by highway departments. Sometimes a light automo- 
bile truck or roadster, remodeled into sudi a convey- 
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ance, is used to carry the few tools requiredi and a 
kettle for heating the tar nsed in filling cracks is at- 
tached at the rear. One-horse wagons are often used 
in the same manner. 

The first step in effecting repairs is thoroughly to 
clean the crack or joint; and for this a sharp hook, a 
small picky and a stiff brush are usually employed. 
Loose particles must be removed, and, where openings 
are too narrow to permit this method of cleaning, air 
is sometimes used, obtaining compression by means of 
an automobile tire pump of the usual hand-operated 
variety or one attached to the motor. When 
thoroughly cleaned, enough tar is poured into the 
crack to flush over the edges ; the tar is then covered 
with dry coarse sand. 

In repairing joints it is good practice to remove the 
old joint material to a depth of from a quarter to a 
half inch below the surface of the concrete, thus af- 
fording an opportunity for the new material to effect a 
good bond. Good workmanship calls for the manipula- 
tion of the hot tar in a way not to disfigure the pave- 
ment, and, to avoid unsightly wide lines, the spout of 
the pot from which the tar is poured is bent so that a 
very thin stream can be secured. 

The tar used is refined coal-tar having a melting- 
point of about 100® F. This melting-point can be deter- 
mined by heating a half -inch cube in water and noting 
the point at which melting occurs. In order to secure 
a very free flowing material, the tar is heated frcnn 
225° to 250® F. at the time of application. 

Next in importance to cracks and joints come surface 
pockets, whidi are usually due to the use of aggregates 
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that are too soft, or to the occurrence of a lump of 
day that has disintegrated in the pavement; and some- 
times a piece of coal or wood, inadvertently mixed with 
the concrete, gives rise to such a pocket. It is a mat- 
ter of common knowledge that most of these pockets 
begin with a little depression, perhaps not more than 
one inch in diameter; but this easily becomes a source 
of trouble, not only because of possible freezing, but 
because edges easily broken by traffic are thus provided, 
and the pocket soon becomes a hole that is worn in all 
directions and can easily become the starting-point 
for serious repairs unless handled in time. 

Such pockets, after a thorough cleaning, should be 
filled with hard, small aggregates from one-quarter to 
three-ei^ths of an inch in size, and hot tar is then 
poured into the opening until it is flush with the sur- 
face. Very coarse dry sand is sprinkled on the tar 
while it is still hot. Recently, emulsified asphalt has 
been successfully used with small aggregates for this 
type of repair work. 

Sometimes slight depressions appear in a pavement. 
These may be due to a variety of causes, and fre- 
quently it is desired to fill them. If the depressions 
are not of great extent, layers of tar may be used, ap- 
plying dry coarse sand between them until a sufficient 
depth has been placed. 

Sometimes replacements must be made to such an ex- 
tent that it is necessary to cut through to the base and 
form a compact mass on which to place the new con- 
crete. Gravel is placed in the sub-base for this pur- 
pose, and thoroughly ranuned, after which the sides 
of the opening should be painted with a mixture of 
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neat cement and water before placing the new con- 
crete. If y in the interim between cutting through the 
pavement and placing the new material^ water should 
collect in the opening, this should be removed and the 
sub-grade again compacted by tamping before com- 
pleting the repair. It is desirable to use a stiff mix- 
ture in repairs of this character, and one that requires 
considerable tamping to bring water to the surface in 
the process of ramming the mixture into place will be 
satisfactory. It is particularly desirable to have the 
concrete thoroughly rammed into place about the edges 
of the patch. 

The surface is carefully struck off to the same level 
as the remainder of the pavement, is kept moist for 
several days, and is protected from traffic a suffident 
time, usually ten days, to allow it to harden. If the 
area is large it can be treated almost as a new piece 
of work, and should be cured and protected similarly. 

When old concrete pavements are to be resurfaced, 
every effort must be made to secure a good bond be- 
tween the old layer and the new concrete. Following 
the practice used in repair work, the old street is 
thoroughly cleaned and brushed over with grout of 
wet consistency. After this, the new material is 
placed, finished, and cured, just as if a two-course pave- 
ment were being laid, and the methods recommended 
are followed. Any joints in the new layer should come 
directly over those in the old pavement, and it is cus- 
tomary to assure this by the use of thin wooden strips 
over the old joints. Wben the pavement is hardened, 
these are removed, and joint filler or the kind of tar 
used in making repairs is filled in. 
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In resurfacing old concrete, the new layer should not 
be less than three inches thick and the coarse aggre- 
gate should consist of particles not more than one inch 
in size. A satisfactory preparation has been found to 
be one part of cement^ one and one half parts of fine 
aggregates and two and one half parts of coarse aggre- 
gate. The reinforcement is placed in the middle of the 
new layer, and if any holes are found in the old pave- 
ment these should be filled before placing the new mate- 
riaL 

When old pavements are to be widened, the first oper- 
ation is to lay down a concrete foundation for the new 
part along the edges of the old slab of the same thick- 
ness as the old slab, brought to the same level, and 
with precautions taken to secure good bond with the 
edge of the old pavement. The mixture of one part 
of cement to two parts of fine aggregate and four parts 
of coarse aggregate has been found suitable for this 
work. The extension thus laid should be allowed to 
cure for two days, during which time it must be kept 
wet, and the surfacing layer may then be placed on 
this widened slab. Such resurfacing is not confined to 
old concrete pavements, but is often used upon worn- 
out pavements of other kinds. When undertaking im- 
provements of this type, the best engineering advice 
should be sought with reference to the condition of the 
sub-grade and the suitability of the worn-out material 
properly to support the new pavement. 

The sidewalk problem is closely related to city pave- 
ments, and may be considered in connection with theuL 
The loads to be borne are obviously much less, and, 
while the same principles of construction apply, it is 
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manifest that thinner slabs can be laid, that finer ag- 
gregates are more suitable, and that usually a smoother 
surface is required. The character of the surface has 
been a matter of development. It will be recalled that 
formerly it was customary to finish a pavement with a 
richer mixture that gave a very smooth surface, but 
that unfortunately provided two dissimilar layers hav- 
ing different coefficients of expansion and sooner or 
later liable to separate. This has been gradually re- 
placed in some communities by a one-layer pavement 
with surface finished in some modification of a stippled 
treatment. Still more lately, lighter aggregates have 
been used, and manipulated in a way to have them form 
the surface of the walk and bear the wear. Here and 
there a city requires the use of lampblack to avoid 
glare, giving a slate color. 

It is always desirable to lay pavement, curb, and side- 
walk at the same time, for then proper provision can 
be made for driveways and crossings and many de- 
tails included, which are appreciated by all kinds of 
traffic, including pedestrians. In some instances, an 
inclined sidewalk approach has been installed. This 
means simply that at the point where the sidewalk 
comes to the street the curb, walk and pavement are 
so molded that in place of a curb there is an incline 
from roadway to walk. This has no disadvantageous 
features, but provides an easy transit from one level 
to the other. Such construction is sure to have the ap- 
proval of those who walk with difficulty or those desir- 
ing to cross streets with perambulators, as the five- or 
six-inch vertical step at the curb line is entirely elim- 
inated. 
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This subject cannot be passed without emphasizing 
how desirable it is for the tax-payer to insist on the em- 
ployment of a contractor who has made a record in 
successfully installing roadways, pavements, alleys, 
walks, or whatever the structure under consideration 
may be. So much is involved, considering the number 
of years that mark the life of such a pavement, that it 
does not pay to experiment with amateurs or to intrust 
such improvements to those who, while thoroughly 
honest, do not have the experience to make them ca- 
pable of putting into the concrete pavement the quali- 
ties that it must have to make it permanent, and that 
it can have if all details receive proper attention. 

The contraction and expansion of concrete roadways 
has received very careful consideration, and commit- 
tees composed of eminent authorities have made ex- 
haustive investigations. There is no question about 
the expansion and contraction of concrete as affected 
by the moisture content, this point having been defin- 
itely established as applying to concretes of all ages. 
An increase in moisture gives rise to expansion, and 
when the concrete dries out contraction takes place. 
Obviously, an ideal condition would be that which 
would provide for a decrease in the moisture content 
with a temperature increase, so that drying might com- 
pensate for the slight expansion due to a rise in tem- 
perature and an increase in the moisture content when 
the temperature decreases. To be sure, a variation in 
the quality of the concrete has something to do with 
the tendency to expand and contract, as dense mixtures 
absorb water less rapidly than do porous ones. Conse- 
quently, if concretes of different qualities are used in 
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road oonstruction, there will be a variation in the 
behavior of the mass; the more porons of two con- 
cretes will have a tendency to expand, and will also 
have less resistance to the stresses that will be set up. 
This difference in the quality of concretes might easily 
cause separation under certain conditions, whether one- 
course or two-course work had been used. 

From this it will be seen also that the amount of 
moisture that is held in the sub-base is an important 
factor, since concrete has the ability to absorb mois- 
ture from the ground. The action of frost in a sub- 
base containing moisture can occur only in localities 
where the temperature drops to a point so low as to 
freeze to the depth of the sub-base. The effect of 
freezing and thawing in the sub-base is that the slab 
becomes subjected to forces that may cause cracking. 
The ability of the sub-base to freeze depends upon the 
porosity of the material, the ease with which it takes 
up moisture, and the average distance below the snb- 
base at which water remains in the ground. The move- 
ment of the slab on the sub-base, while actually very 
slight, may still cause friction, which is a factor affect- 
ing expansion and contraction. 

The Committee of the National Conference on Con- 
crete Boad-Building, after discussing the factors that 
cause some of the cracks in roadways, present data in- 
dicating how our present knowledge can be used to 
prevent the formation of such cracks. It is believed 
that, with a proper understanding of the physical 
phenomena involved, much of the cracking can be elim- 
inated. Longitudinal cracks usually occur only after 
some seasonal change, while transverse cracks may oo- 
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cur at any time — ^but usually during the first drying 
season — ^when the pavement indicates marked contrac- 
tion. Longitudinal cracks are believed to be caused 
by the unstable condition of the earth beneath the pave- 
ment They may, however, be caused by a combina- 
tion of factors, involving the moisture content in the 
concrete, the temperature of the atmosphere, and stres- 
ses caused by condition of the sub-grade. Diagonal 
cracks may be caused similarly, and occasionally result 
from the action of stresses that are at right angles to 
each other. This would be the case, for example, when 
longitudinal stresses were set up along one side of a 
pavement in contact with some rough structure that 
would tend to hold the pavement in place. 

The best mixture to be used, if cracks are to be re- 
duced to a minimum, is a dense one that will tend to 
reduce the absorption of moisture. A test specimen of 
such a concrete should show a minimum strength of 
1500 pounds to the square inch at the twenty-eighth 
day test 

Some experimenters have thought that cracks might 
be due to the use of concrete slabs of improper length ; 
but it has been shown that on level roadways the size 
of the slab will depend almost directly upon climatic 
conditions. Where there is little rainfall the slab 
should not exceed twenty-five feet, this length being 
chosen as the result of observations upon roads in Cali- 
fornia and measurements made by investigators at the 
Bureau of Standards. Where rainful is intermittent 
and conditions are similar to those found east of the 
Mississippi River, the ground water rising in cool sea- 
sons and sinking lower in warm ones, it has been found 
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feasible to use a slab varying from thirty feet in length 
to one that is practically continuous. 

The length of the slab does not appear to have any 
effect upon longitudinal cracking, but it should be 
varied with the quality of the concrete. Thus a dense 
concrete absorbing less moisture will have a lessened 
tendency to move, and at the same time will have 
greater strength to resist stresses introduced by re- 
straint of the sub-base. The character of the sub-soil 
is also a factor, and, where unstable, shorter slabs 
should be used. Also, if the sub-grade is very smooth, 
so that f rictional resistances will be more or less uni- 
form throughout its length, longer slabs can be used 
than where a rough sub-grade obtains. Under such 
conditions shorter lengths can care for a proportion- 
ate share of the stresses. If a so-called smooth sub- 
grade has a number of rough places, these, through the 
tendency of the slab to move, may easily cause crack- 
ing. 

The season at which the road is constructed also has 
some bearing on the length of slabs that can be used. 
These may be longer if placed in the fall or winter, 
particularly where they are not subjected to freez- 
ing, than if put down during the spring or sununer. 
When laid in the fall, the tendency to increase due to 
absorption of moisture is somewhat counterbalanced 
by the decrease due to lower temperature, so that in 
the first few months of its life the slab is not subjected 
to so great stress. 

In general, the length of slab may be increased in 
proportion to an increase in its thickness. The added 
weight assists in overcoming friction, and slabs of 
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greater thickness have an increase in ability to resist 
stress which is greater than any increase in friction 
caused by the added weight. 

It will occur to many that, if variations in moisture 
content have a direct bearing upon the expansion and 
contraction of concrete, a more stable condition could 
be obtained if a bituminous material were applied upon 
the surface. There are those who argue that the or- 
dinary concrete surface has the same action upon a tire 
as would be the case if it were held against an abrasive 
stone ; but opposed to this statement is the one that the 
sandy surface of concrete gives greatly increased trac- 
tion; that the concrete surface resists skidding to a 
far greater degree ; and that there is never any trouble 
from a soft surface in hot weather, which may even 
give rise to stickiness or to the creeping of the pave- 
ment, due to the actual flow of the covering on certain 
grades. 

As far as the prevention of cracks is concerned, the 
experimental results indicate that there is a greater 
movement of concrete that has been covered than with 
that upon which no bituminous material has been 
placed. The reason for the movement has been laid to 
the power of the black surface to absorb and retain 
the heat from the sun, while, at the same time, any 
moisture that enters concrete at the sides or from be- 
neath is held in it a much greater length of time. 

Reinforcement is used in pavement to increase its 
strength and also to prevent cracking. It has been 
shown that reinforcement is of value when the width of 
the pavement exceeds twenty-five feet, when a decided 
change in grade occurs, or whenever a thin slab is re- 
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quired. In some regions there is a lack of water for 
caring, and reinforcement improves the quality of 
pavements constructed under such conditions. If the 
foundations are uncertain, if extra long or wide slabs 
are wanted, or if there is very little rainfall in the 
region, then reinforcement will be of value. If there 
is difficulty in placing joints or if a decided change in 
grade occurs, here again the necessity for reinforce- 
ment is indicated. 

Obviously, joints installed in ways that have been 
described have for their principal purpose the relief 
of the stress due to changes in the volume of the con- 
crete mass. Since there is only an occasional slab that 
fails because of a crushing action, joints are usually 
reckoned as providing for contraction. Sometimes 
roads are constructed without joints, with the idea that 
cracks will develop where there is the greatest need for 
expansion joints. When filled with tar or other re- 
silient material, these will perform the same service. 
To be sure, the cracks will appear, but only after the 
concrete has been weakened in a way that may lead to 
partial disintegration of the road and demand for more 
extensive early repairs. The joints are usually de- 
signed to provide only for contraction, upon the theory 
that all stresses developed by reason of expansion will 
be absorbed by the concrete, which is able to withstand 
considerable compression. At street intersections and 
sharp, open curves there should be free movement of 
the concrete wherever it is restrained, and therefore 
joints should be placed at such points. 

There have been objections raised to the extensive 
use of concrete roads, and it may be well to indicate 
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some of them* The glare of light-colored pavement 
has been fonnd objectionable by some. To overcome 
this glare the surface may be roughened so that the 
li^t is broken np, or in extreme cases enough of the 
concrete and sand mortar may be brushed out to ex- 
pose the aggregate which, under wearing conditions, 
will be free from glare. As far as city pavements and 
sidewalks are concerned, mineral pigments may be 
added to the mortar, thereby producing virtually any 
color that may be desired. In some instances, lamp- 
black has been used for this purpose. 

As far as noise is concerned, no one has as yet shown 
how a road that will be permanent can be made of hard 
materials which do not give rise to noise. This ob- 
jection does not have the force it once did, for noise to- 
day is quite independent of the road surface, being 
produced by the explosion of the internal combustion 
motor rather than by horseshoes upon hard pavement. 

At one time there was an objection to concrete roads 
as being slippery. It is known that they aid in prevent- 
ing sidewise slipping, — which we call skidding in the 
case of automobiles, — ^and that the gritty surface of a 
concrete road prevents the side-slipping of horses, 
which is considered more harmful than either forward 
or backward slipping. To prevent the road being too 
slippery for the use of horses, the green concrete is 
sometimes brushed over with a broom to produce rough- 
ness, or the aggregates brought near the surface to give 
a more secure footing. In tiiis connection it should be 
pointed out that the same load is more easily moved 
over concrete than over most other pavements, so that 
hundred per cent traction is less important. 
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The fact that a concrete road is free from loose 
stones and has an even surface practically overcomes 
any objection that might be raised to the hardness of 
the road. It is loose stones on the surface of ordinary 
roads, and the small holes to be found in them, that 
cause the most injury to the horse. 
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CHAPTER XIV 

OOKCBETB IN BAILBOADIKO 

Perhaps the first appearance of concrete in the rail- 
road field was in the shape of culverts and small 
bridges. Later it came to be nsed in station structures 
and freight-houses. A few years ago we began to see 
the standardized type of small shelter provided for 
trackmen, switchmen, and others whose work carries 
them along the right of way. The familiar old wooden 
shanty at railroad crossings is giving way to a neatly 
designed monolithic house, which is sometimes cast 
at a central point and conveyed on a flat-car to the point 
where its service is to begin. 

In many districts where losses of posts and poles 
by fire have been serious, concrete has replaced wooden 
materials formerly employed. The slowness with 
which this permanent type of pole or post has displaced 
wood on the right of way is in part due to the cost of 
transporting these reinforced members to different 
parts of the system. In considering any railway prob- 
lem it must not be overlooked that railroads cannot 
haul their own materials entirely free of charge. 
Where the roadway crosses the railroad, concrete lum- 
ber has come into somewhat extensive use. Most of 
the maintenance expense of highway grade crossings is 
due to the loosening and destruction of the planks by 
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the traffic; and in time respiking new planks to the 
ties, together with alternate wetting and drying where 
the two pieces of wood come in contact, causes rotting 
and decay, so that the ties then have to be replaced. 
Any type of construction that will reduce this item of 
material and labor cost is desirable. 

This has led to the use of monolithic concrete cross- 
ings, and also to the use of pre-cast slabs to which the 
name concrete lumber is applied. Some of the slabs 
are laid directly on sawn track-ties, or on strips nailed 
to ordinary ties. The track is prepared by thoroughly 
tamping the ties. The weight of the slab is sufficient to 
hold it in place, but in some instances malleable iron 
sockets have been placed in the slab when cast, so that 
they may be anchored more securely with screw-bolts 
that pass through the sockets. Reinforcement is used 
in slabs of this type, and because of the service to be 
performed the edges are protected by metal angles and 
by handling sockets, which makes easier the work of 
placing or removing the slabs. 

A convenient pre-cast unit is nine inches in width, 
from six to eight feet in length, and of a thickness 
equal to the depth of the rail. Where mesh or expand- 
ing metal reinforcement is used with bars, the heavier 
metal should extend lengthwise in the unit. 

Where the solid or monolithic concrete crossing is 
installed, it not only replaces the usual wooden planks, 
but acts as ballast for the road. The crossing outside 
the rails is completed with pre-cast slabs having sockets 
to facilitate their removal when rail renewals are re- 
quired, and gutters must be provided to drain water 
from about the rail A hi^h-grade aggregate should be 
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used, and the crossing cured and protected in the usual 
manner during that time, just as with any other part 
of the highway, in order to secure maximum strength 
and durability. 

The suggestion has been made that the casting of 
concrete lumber is a profitable rainy-day occupation for 
the section gang, thereby effecting economy in two 
directions. It has been reckoned that the annual sav- 
ing in maintenance where concrete crossings are used 
in place of wood will pay for the installation in from 
two to three years. 

Another important point is the approach to highway 
grade crossings. In most instances the railroad is 
somewhat above the highway, making it necessary for 
a vehicle to negotiate a little grade before crossing the 
rails. If this grade could be placed somewhat more 
than the length of the average vehicle away from the 
crossing, it is thought that many accidents might be 
avoided; for the vehicle, in case of emergency, would 
be in a position to make the crossing under very much 
more favorable circumstances. 

Concrete supports for storing rails along the right 
of way are coming into more general use, and the same 
utilization of this building material for coal-bunkers, 
reservoirs, bank supports, bumpers at the end of a 
track, and general building is to be found on the pro- 
perty of progressive railroads, just as in other indus- 
tries. The use of cements, both Portland and Sorel, in 
laying the floors of cars and the treads of car-steps, has 
been mentioned elsewhere. No doubt some experi- 
ments have been made looking to the future utilization 
of concrete in different sections for some types of rail- 
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road-car sidings and roofs. One of the attractive utili- 
zations of the material for railroads has been in con- 
nection with the road-bed itself. 

There is still a great diversity of opinion as to how 
useful concrete can be made in this connection. There 
is ample evidence that concrete pavements between 
street-car tracks is successfuL No special concrete is 
required, and the usual procedure is followed in plac- 
ing the concrete, providing expansion joints, etc, but 
the design of the pavement may vary considerably. A 
concrete base may be laid, and, after hardening, the por- 
tion upon which the pavement section is to be placed, is 
covered and brought to an even surface by spreading 
a mat of bitumen and sand. The concrete pavement 
section placed upon this extends from web to web of 
the rail, and is given a thickness that brings the sur- 
face of the concrete about half an inch below the top 
of the rails. This method of road construction gives 
a permanence of road-bed that makes for the comfort 
of passengers and the longevity of rolling stock, which 
is not so subject to vibration as it is with other types 
of road-bed. This becomes more important with* 
greater traffic concentration, and indeed expenditures 
relative to improvement of railroad vehicles and equip- 
ment may be traced to the necessity of caring for the 
steadily increasing traffic concentration. 

This has led to greater speed on railroads, the use 
of heavier and still heavier steam and electric loco- 
motives, and marked increase in the size and weight of 
the passenger- and freight-cars with correspondingly 
heavier loads. The unfavorable comments often 
heard concerning American as compared with foreign 
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roads are due, in some measure, to the different loads 
concerned in the two cases, and the problems of road- 
bed maintenance are quite different. 

Heavier rails have come into use, and in an effort 
better to distribute increased weight, ties have been 
placed closer together. More ballast has been used, 
but in the minds of many engineers improvements in 
road-building and maintenance have not kept pace with 
the requirements. 

Great stresses are found in tracks and road-beds, and 
these stresses are increased many times with the pas- 
sage of each train. Stresses as high as 40,000 pounds 
to the square inch have been noted on cinder-ballasted 
track, and even 25,000 pounds to the square inch have 
been found in 85-pound rails with 12 inches of stone 
ballast and the track in perfect condition. 

Increase in stresses leads sometimes to rail breakage, 
so that under present methods of construction it is 
customary frequently to replace rails, sometimes with- 
out regard to the apparent condition of the rails in 
order to be on the safe side. Rail replacement is a 
serious question, and, with that of ties, is requiring 
more and more attention on the part of maintenance 
engineers. These ties, once plentiful, are now difficult 
to obtain, while the increased traffic necessitates their 
more frequent renewaL It seems apparent, therefore, 
that there must soon come some form of permanent 
track foundation that will be sufficiently strong to with- 
stand the stresses to which it is subjected, and provide 
for the placing of rails so that they may be easily ad- 
justed or replaced. 
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Some experts think that concrete has in it the i>o8si- 
bilities for meeting these severe requirements, and for 
years engineers have experimented with different types 
of design. As long ago as 1899 the technical papers 
that print engineering news published designs for 
permanent tracks. These designs began with the use 
of pier-Uke concrete members ten feet in length, ten 
inches in width at the top and twenty-six inches at the 
bottom, and about twelve inches in thickness. Another 
design involves thcT use of a heavy concrete slab upon 
which stone ballast and then the usual wooden tie is 
placed. This type has been under severe trial for 
several years on the Long Island Railroad, where as 
many as 1300 train movements a day must be accom- 
modated. The use of concrete slabs in this position 
gives a bearing surface on the sub-grade or supporting 
earth which is increased at least three times over the 
usual method. In the experiment, slabs only eight 
inches thick were used, without reinforcement. The 
results obtained indicate clearly the practicability of 
such construction, but it is believed that it is better to 
use reinforcement and to provide the slab with a curb- 
like protection to prevent the stone ballast from spread- 
ing. 

Still another design that has been used primarily for 
street-car tracks provides anchor-plates in the concrete, 
and with these the rails are secured in place; a tie- 
rod is used between the webs of the rails, and the con- 
crete foundation is made practically monolithic by the 
pavement between the rails. 

The earlier suggestions for concrete track support 
took into consideration the earlier type of rail ballast- 
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ingy and also subscribed to the be- 
lief that there must be some elastic 
medium between the track rail and 
any hard base that may be pro- 
vided. Lately, however, engineers 
have come to experiment with 
tracks placed directly upon the 
concrete foundation, using wooden 
planks in various ways to secure 
the track in place, and perhaps 
also to provide something of a 
cushion. 

The chief engineer of one Amer- 
ican railway has gone on record as 
saying that, with the perfect rigid 
surface, there should be no bend- 
ing and no serious damage to the 
railroad track, unless a defect 
such as a flat wheel exists. In a 
number of more recent designs 
special attention is given to rein- 
forcement, and to improved meth- 
ods for anchoring creosoted tie 
blocks to which rails are secured. 
The Northern Pacific Railroad has 
installed experimental lengths of 
track, using three types of con- 
crete track support, and these are 
now under test. 

Undoubtedly we have just be- 
gun our work in this field. Some 
still believe that there must be a 
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stick of wood under the rail to give an elastic medinm^ 
without which it is argued both rolling stock and road- 
bed construction will go to pieces in a short time. 
Others believe that with concrete on a well compacted 
sub-grade the rail may be advantageously secured di- 
rectly to the grade. The late Doctor Dudley gave it as 
his opinion that if the road-bed could be made abso- 
lutely unyielding, the springs of the vehicles providing 
elasticity, the best results would be had. 

If the track could be as smooth and relatively as stiff 
as a planer or machine bed, there would be a saving in 
the cost of maintenance and track and machinery. The 
stiffer the rails, the less the creeping due to the wave 
that runs ahead of the wheels, the less the wear to the 
ties due to this motion, the less the destruction of the 
track and running gear due to the pounding of the 
wheels, and the easier the handling of the trains. It 
is admitted that there is an appreciable resistance to 
the passage of trains due to the deflection of the track, 
for the wheels are constantly trying to dimb to an 
ever receding crest. There is a large amount of power 
required to produce the deflection on the rails, ballast, 
ties, and road-bed. If an unyielding road-bed could be 
provided, it might be possible to save this power, which 
for a 3,000-ton train has been calculated as sixteen 
hundred horsepower hours to one hundred miles, which, 
at one and a half cents per horsepower hour, gives a 
charge of twenty-four dollars against track deflection 
in moving a 3,0()0-ton freight train over an ordinary 
hundred-mile division. 

Whatever the experience may have been to date with 
reference to concrete track support, there is reason to 
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believe that the future will find its advantages bo 
marked that heavy first costs will be entirely justified, 
particularly when the saving of time, labor, wear and 
tear on equipment, and maintenance are considered. It 
is believed that concrete railroad-track support will 
greatly reduce the expense of track maintenance 
through the conservation of ballast, the long life of 
rails, rail fastenings, and the possibility of using lighter 
rails and the decrease in tie renewals. This is not all, 
for there would be reduced operating expenses because 
of the economy of fuel, labor, rolling-stock equipment, 
and longer trains, with greater tonnage moved by the 
same motive power. Higher train speeds should be 
obtained because of the smooth train motion without 
rocking, and because of the reduced liability of rail- 
spreading. 
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BBIDQES 

It has been truly said that no highway is more perma- 
nent or serviceable than its weakest bridges, and the 
most satisfactory roadways are those provided with 
durable bridges, easy to construct, easy to maintain, 
and permanent in proportion to the care used in con- 
struction. 

Not long ago a freight train passing over a bridge 
caused the ties to become smeared with oil, due to a 
leaking tank-car in the train. Presently a second train 
crossed this bridge, and, as is customary, dumped ashes 
as it went along. Soon afterward fire was discovered, 
and before any steps could be taken to extinguish it the 
blaze had readied such proportions that the fire-fighters 
could not venture upon the structure and it had become 
too hot to risk pouring water upon it. The ties burned 
off the bridge, but it was one built of reinforced con- 
crete, so that as soon as it cooled it was possible to re- 
lay the track and to reopen the bridge to traffic within 
a few hours after the fire. There was no warping of 
small parts or bracing which would require replace- 
ment, as might have been the case with some types of 
metal bridges ; and, obviously, had the structure been of 
wood the delay in transportation over this main line 
would have been a matter of weeks. The concrete 
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bridge, therefore, possesses the desirable property of 
indestmctibility to a high degree. 

Concrete bridges do not rust, rot, or bum. They 
need no painting, no repair of masonry joints, no re- 
building after floods, no tightening of bolts or rivets, 
and can be maintained at very low cost They can be 
built, usually, from local materials, merely necessitat- 
ing the transportation of a few bags of cement and the 
necessary steel rods or bars to provide required rein- 
forcement. 

Concrete, being a plastic material, is easily molded, 
and lends itself so readily to di£Ferent types of orna- 
mentation that the decorative treatment that may be 
given a bridge is limited only by the skill and ingenuity 
of the designer and workmen. So desirable has the 
concrete bridge and culvert become that most high- 
way departments have evolved standards for which 
plans and specifications are at hand, so that the instal- 
lation of such bridges is greatly facilitated. Notwith- 
gtanding this provision, it must be remembered that 
nearly every bridge location involves a special study 
if the needs of a situation are to be met. All the ad- 
vantages that are accorded concrete can naturally be 
obtained only when it is used consistently, and this in- 
volves proper design to meet a special need. 

It is always desirable to have the bridge placed where 
the river follows a straight course both above and be- 
low the bridge. Such a position reduces the danger 
that the bridge may be undermined, or that its approach 
or adjoining embankments may be washed away by high 
water. The abutments of the bridge should be de- 
signed not only with reference to supporting the bridge. 
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but to retaining in place the roadway embankment 
The wing walls should be monolithic with the abut- 
menty and vertical expansion joints may be required to 
prevent cracking due to expansion and contraction. 
The earthen fill behind the abutment and wing walls 
must be provided with suitable drainage. 

In addition, foundations must extend below a pos- 
sible frost line and to firm bearing soil or other ma- 
terial. The bearing power of soil, etc., may be rated 
as follows (expressing this power in tons per square 
foot) : loam, Vi ton; dean dry sand, 2 tons; sand that 
is compact and well cemented, 4 tons ; gravel and coarse 
sand, well cemented, 8 tons ; soft clay, 1 ton ; moderately 
dry clay in thick beds, 2 tons; clay that is always dry 
and occurs in thick beds, 4 tons; and bedrock in na- 
turally thick layers, 200 tons to a square foot. 

Low-water bridges are now being regularly built of 
concrete. They are particularly adapted to those 
parts of the country where rainfall usually occurs in 
the form of a cloudburst, giving rise to great volumes 
of surface water that must be carried off quickly. 
Such low-water bridges are often entirely submerged, 
and, because concrete is not damaged by such an experi- 
ence, it can be used in a way to permit debris to be 
washed along by the stream, rather than piled up 
against the upstream side of a bridge, to cause damage 
and trouble. In some places, bridges of this type have 
been used in fords, for they serve even though entirely 
under water, to provide a safe level passage through 
the stream at any time. 

As in other concrete construction, the placement of 
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forms should be done with care. Forms for bridge 
work are ahnost always of two-inch plank, securely 
fastened to two- by six-inch uprights and so braced as 
to be substantial and unyielding. Lumber that is 
tongued and grooved is recommended for the surfaces 
coming in contact with the concrete in order that a 
smooth surface finish may be obtained. There are 
some standard metal forms to be had for small bridge 
and culvert construction, but on larger work special 
designs are usually used, and it is more economical to 
build up suitable wooden forms. 

Oreat care must be taken to secure the perfect align- 
ment of beam and girder forms, remembering that any 
small irregularities cannot be removed from the 
hardened concrete, and that irregular lines are so un- 
sightly as to bring adverse criticism to an otherwise 
satisfactory structure. The supports for the floors 
and arches should remain in place until the concrete 
is strong enough to be safely self-supporting, and some- 
times it is left in place as an additional support dur- 
ing the time the rough filling is completed, for during 
such filling unequal loads must occasionally be borne 
by the bridge. 

Reinforcement must be placed in the exact location 
shown on the plans, and so secured, particularly at 
intersections, that during the deposit of the concrete 
there will be no disarrangement of the metal. Weld- 
ing may sometimes be used to advantage. It is inad- 
visable to place steel directly upon the forms with the 
intention of raising it while concrete is being placed. 
It is far better to support the steel on pieces of aggre- 
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gate or even small blocks of concrete, which become a 
part of the strnctare, and in general all steel should be 
securely placed before any concrete is deposited. 

The proportion of materials for abutments and wing 
walls are one cubic foot of cement to not more than two 
and one-half cubic feet of fine aggregate and five cubic 
feet of coarse aggregate. Sufficient water is used to 
produce the consistency usually described as quaky, 
which is one that will permit the aggregate slowly to 
find its place in the forms, and which can be spaded 
or worked into place without undue separation of the 
coarse aggregate from the mortar. In the edges, 
bridge floors, etc., care is taken to insure a smooth 
surface next the forms, and the material should be 
thoroughly spaded and worked in around the metal 
reinforcement. Whenever possible the concrete for an 
arch should be deposited in a single run; but where 
the span is too great to permit this the spans are di- 
vided into sections, which are deposited in turn radi- 
ally. Care must be taken to maintain a load as nearly 
balanced as possible, so that distortion, not only of the 
framework but also of the reinforcement and supports, 
may be prevented. 

It is considered good practice to place an entire floor 
of a concrete bridge in a single day. The full thick- 
ness of the floor should be deposited at one time, and 
if for any reason the floor cannot be completed in one 
day, the dividing line is made in a vertical plane per- 
pendicular to the main reinforcing rods. 

Concrete should never be placed in running water, 

and in still water only when precautions are taken to 

-} placing the material in a way to prevent separa- 
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tion of cement and aggregate. In important work en- 
gineers are justified in going to additional expense to 
avoid placing concrete in water, since it is difficult 
otherwise absolutely to prevent the formation of an in- 
jurious amount of laitance. 

When the forms have been removed from the con- 
crete bridge, any projection or irregularity should be 
removed at once and (Savities filled with mortar. This 
is usually done with a cement and sand mortar com- 
posed of one part of cement to two parts of sand. 
Plastering is never permitted, but exposed surfaces 
are finished to give a smooth appearance. It is some- 
times necessary to scrape the surface to obtain the de- 
sired effect or a cement-gun is used. Concrete floors 
in bridges are finished very much as other pavements, 
and are protected and guarded while curing in the usual 
approved fashion. 

There are many bridges in the country that, in turn, 
have had claimed for them the distinction of being the 
longest or the highest or the one with the greatest arch 
span. Such records are seldom held for long, and the 
occurrence of serviceable bridges of this type is so 
frequent that a discussion of dimensions is hardly re- 
quired. In a number of instances steel structures have 
been replaced by conciete ones, particularly in difficult 
positions, as for example where one abutment is much 
higher than another, causiilg the floor of the bridge to 
be an inclined plane. The other extreme is the multi- 
tude of bridges so small as to be little more than cul- 
verts, and for this type of bridge there are a number of 
standard designs in different States. Such a bridge of 
fourteen-foot span for a twenty-foot roadway requires 
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only thirty-five cubic yards of excavation, sixty cubic 
yards of concrete, and thirty-one hundred pounds of 
reinforcing steeL 

Concrete culverts are as advantageous for the serv- 
ice required of them as are concrete bridges. A table 
of standards has been compiled showing the various de- 
signs of waterway required for the areas to be drained 
This waterway is provided either by a box type of cul- 
vert or, sometimes, by a special culvert pipe. These 
have been made of large diameter, and above twenty- 
four inches in diameter it is the custom to provide such 
pipe with metallic reinforcement Sometimes pre-cast 
units are assembled in various ways in the construction 
of culverts, metal fittings being cast in place in the con- 
crete at the time the unit is manufactured, and so ar- 
ranged as to interlock with other units. 

Closely allied with bridges and culverts are the struc- 
tures used to convey and control water, as in irriga- 
tion projects. The ditches that convey the water from 
the source of supply to the point where it is needed 
are often the source of serious loss, owing to seepage 
through porous soil, and in addition require constant 
nuaintenance. Then there is a series of locks to be 
provided, and other structures to control the flow and 
transportation of water. In the West it has recently 
been found that concrete lumber can be prepared and 
placed as cheaply as redwood, heretofore the favorite 
material for this construction. This concrete lumber 
is frequently poured in trays, in which it is compara- 
tively simple to place any reinforcement required. As 
soon as one tray has been poured, another form is 

laced above it, and the second slab cast. In this way 
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time and space have been economized and the cost of 
production reduced. With pre-cast units of this char- 
acter construction can be standardized and the labor of 
placing the material in the field substantially reduced. 
In order to secure a tight joint in concrete lumber 
placed vertically, the edge of the slab is designed with a 
type of square-cornered corrugation which fits in the 
corresponding recess in the slab placed above. It is 
not difficult to cast in place various metal plates, bolts, 
etc, with which to secure the lumber to such support- 
ing columns or other structures as are provided. 

Masses of concrete are sometimes used as counter- 
balance weights for the jack-knife type of bridge used 
over navigable waters. This may be a monolithic block 
or small units cast with holes to assemble them on 
steel supporting rods. 
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CHAPTER XVI 

OOKOBETE IN WATEBWAY8 

Among the miscellaneous uses of concrete in the im- 
provement of waterways, the first striking example that 
comes to mind is the Panama Canal, the building of 
which had several curious economic results. These in- 
cluded a slight advance in the price of glycerine, due 
to the quantities of explosives used in making the ex- 
cavations, and the influence upon the cement market. 
It is estimated that the concrete required for the canal 
construction exceeded five million cubic yards. It is 
doubtful whether the canal, with its locks, could have 
been constructed in so short a time or so economically 
but for Portland cement. The various docks, warer 
houses, etc., that accompany maritime improvements of 
this character must also depend upon concrete for their 
efScient construction, and in controlling future land 
slides concrete and cement will doubtless play an im- 
portant part. 

Elaborate details concerning the canal are to be 
found in so many works that further description may 
be omitted here. The same might be said for the nu- 
merous dams built in this country in connection with 
conservation and irrigation projects. Many of these 
have been in relatively inaccessible places to which it 
would have been very difiScult and expensive to trans- 
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port the usual masonry materials that would otherwise 
have been used. In some instances both fine and coarse 
aggregate have been obtained on the spot, the size of 
the work justifying the erection of special crushing and 
washing plants. These have furnished dean and satis- 
factorily graded material from which concrete of uni- 
form quality could be prepared with facility. Some 
sites have made it necessary to prepare large masses 
of monolithic concrete to which to anchor one end of 
the dam, where natural conditions have demanded 
some such action. 

The colloidal material that forms upon the hydration 
of cement is thought to be responsible for the closure 
of small cracks and the filling of voids in dams, allow- 
ing a small amount of seepage when the water is first 
brought in contact with them, but afterward became 
virtually water-tight. More recently the cement-gun 
has been utilized to cover the water side of the dam 
with a very dense and highly compacted mixture of 
rich cement mortar, with or without reinforcement. 
This is proving excellent practice and has rendered 
such dams water-proof. 

Concrete piling has been extensively used for work 
at the sea-front, and also in the construction of under- 
pinning for foundations. When used at the sea it is 
subjected not only to the adverse conditions of alternate 
wetting and drying, but in some latitudes to freezing 
and thawing and further to the erosive action of mater- 
ial floating with the tides. It is therefore subjected to 
conditions about as strenuous as can be contrived for 
structural material of this character. Some piers that 
have been built with concrete piling have suffered be- 
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cause of insufficient reinforcement in the piles, im- 
proper design of the concrete mixtures, and blows from 
drifting wood, which in time have destroyed the 
comers of the piles and exposed the reinforcing metal 
to the active corrosion of sea-water. 

During the world war, in order to save time, some of 
the warehouses at seaports were supported on concrete 
piles, which in turn rested upon wooden piles so driven 
that the wood will always be immersed. In this posi- 
tion the wood is not subject to deterioration and may 
be considered reasonably permanent. By the use of 
metal comers the concrete piling placed upon the wood 
may be protected, and sufficient reinforcing imparts a 
measure of elasticity and increased tensile strength 
that is helpful in resisting stresses. If the concrete is 
water-proofed and made as dense as possible, there is 
reason to believe that good results may be obtained. 

Some years ago one of the construction companies 
undertook to determine whether concrete could be made 
in a manner to resist the effects of sea-water when 
placed in a northern climate where many of their opera- 
tions take place. In 1909 a number of piers were con- 
stracted with different proportions of cement, sand, 
stone, and water, varying the material to cover the field 
fairly well. The cement employed was from different 
sources and involved commercial Portland cements, 
cement practically free from iron, that made from blast- 
furnace slag, commercial cement low in alumina, some 
that was high in alumina, and others that were from 
iron ore but practically free from alumina. 

In pouring the piers, which were reinforced, a core- 
hole eight feet long was made, so that the seepage of 
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water through the concrete piers might be observed. 
In sectional area these piers average about 1.8 square 
feet They are sixteen feet long, and are still under- 
going the action of the air and tides, being supported 
from the cap-log of a wharf. The salt water rises 
nearly to the top of each pier once in twelve hours, and 
subsides again, thus allowing the surface to dry. It 
will be a number of years before definite results can be 
obtained, but already some of the specimens have gone 
to pieces. Others are so badly eroded and partially 
disintegrated as to render them useless if they were in 
actual service supporting loads. But a few stiU show 
little or no signs of deterioration. Of the twenty-four 
specimens, seventeen have shown no water in the core- 
holes. 

Many breakwaters have been constructed of concrete, 
and older ones of masonry have in several instances 
received a new facing of cement mortar. In repairing 
and reinforcing one breakwater, concrete piles twelve 
by twelve inches were cast, with recesses into which 
concrete slabs could be fitted. The pre-cast slabs were 
twenty-eight by thirty inches and four inches in thick- 
ness. The piles were driven in direct contact with the 
face of the old wall, and when in place the slabs were 
allowed to slide down the slot provided by the recess in 
the piles. This gave a hard continuous face, and the 
space behind the slabs and between the piers could be 
filled with grout and other supporting material that 
further protected the breakwater. 

On river-banks, where washing is apt to be affected 
by currents, mattresses of concrete have been used for 
protection. These have consisted of blocks or slabs 
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fitted with iron rings or chains mounted in the concrete, 
so that units can be joined in a way to provide a flexible 
covering sufficiently continuous to afford the desired 
protection, and at the same time so flexible as to con- 
form to the contour of the bank. 

Successful experiments have been conducted with ce- 
ment mortar concrete as protective material for levees 
such as are conmion along the lower Mississippi. Here 
the function of the coating is not only to add strength 
to the bank, but to render it sufficiently water-proof to 
allow a considerable portion of the bank to remain 
dry. Experience has shown that a bank that can re- 
main dry due to the evaporation of any water that seeps 
into it can be relied upon to hold, whereas a bank that 
is saturated may give way at any jnoment, even though 
it may have a large mass. 

In special cases, blocks of concrete have been cast and 
afterward thrown into the water to protect banks and 
shore lines and to assist in diverting currents. In one 
unusual case the character of the underlying rock made 
it possible for a great volume of water wanted for 
power purposes to seep through the river-bed and dis- 
perse in other directions. To increase the volume of 
water behind the dam, a considerable quantity of ce- 
n:ient mortar and concrete was used to fill up the cracks 
in the river-bed, and when treated in this fashion very 
satisfactory results were obtained. 

As has been previously indicated, the small cracks 
that develop are not so serious a menace as might be 
thought — ^first, because of the tendency of hydrated 
cement to form a colloidal material in the open spaces 
of the concrete, and also because of the tendency of 



Digitized 



by Google 



CONCRETE IN WATERWAYS 211 

silt to lodge in these cracks and voids. If the cracks 
are very small at the time of their formation and de- 
velop slowly, it is possible for the silting to' keep pace 
and in this way to prevent leakage. Experiments with 
hollow beams filled with water under pressure indicate 
that cracks one thousandth of an inch or less will per- 
mit the passage of enough water to cause moisture to 
be indicated on the outside around the crack. If the 
crack has widened rapidly, so that there is no time for 
the deposit of any kind of sediment, leakage also in- 
creases rapidly, and a crack one hundredth of an inch 
in width is capable of allowing water to spurt from it. 
On the other hand, observations have been made on 
reservoirs, dams, concrete ships, and barges that had 
cracks of sufficient width to cause leakage but in which 
there was no leakage, prevented doubtless from one or 
the other, or perhaps both, of the agents to which refer- 
ence has been made. 
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CHAPTER XVn 

CONCRETE SHIPS 

So much has appeared in the press in the last few 
years relative to concrete ships, what is expected of 
..thm, and their advantages in times of emergency, 
thaTit is unnecessary to cover the subject from that 
point of view. Besides the comparative rapidity with 
which such vessels can be fabricated, there is the addi- 
tional consideration that in times of war iron and steel 
are demanded in such quantities that any plan for sav- 
ing them is worth consideration. Obviously, concrete 
ships^ notwithstanding the large amount of steel rein- 
forcement they must have, require only a part of the 
steel used in an all-steel vesseL 

The engineers who undertook the design and con- 
struction of concrete ships faced a set of problems for 
the solution of which there were no precedents, and in 
their preliminary calculations the best they could do 
was to interpret data on past performances in the light 
of entirely novel requirements. 

It is recognized at once that the concrete used must 
be both light and strong, that the densest possible mass 
must be used, and that concrete of high density has al- 
ways had a high unit weight The problem involved 
securing durable concrete impermeable to water, devel- 
oping high compressive strength of not less than four 
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thousand pounds to the square inch when tested at 
twenty-eight days, and a miniTnum weight. 

Extraordinarily strong and plastic concrete was se- 
cured by the use of cement ground especially fine. The 
cement specified provided that at least 90 per cent, must 
pass a sieve having 200 openings per linear inch. Such 
cement is constant in volume, has high strength, and 
gives a plastic mixture. 

The aggregates used must not exceed half an inch in 
size; and, beginning with sand or gravel or volcanic 
ash, especially burned clay was ultimately devised. It 
was found that day fused in a rotary cement kiln could 
be so burned as to have a porous structure and general 
characteristics that would give the desired strength to 
the concrete. One part of cement to one part of spe- 
cially fused clay below one quarter of an inch in size, 
and two parts of this clay between one quarter and one 
half inches in size, gives a concrete with compressive 
strength of 3,380 pounds to the square inch after a 
seven-day period and 4,350 pounds at twenty-eight 
days. This concrete weighed only 106 pounds to a 
cubic foot, and made it possible to obtain a ratio of 
62 per cent, of the dead weight of the total displacement 
for a 3,500-ton ship, as compared with 65.68 per cent, 
for a steel ship and 53 i)er cent, for a wooden vessel 

A 3,500-ton concrete ship of the standard 150-pound 
concrete contains about 1,761 tons of concrete, 400 tons 
of reinforcing steel, and 811 tons of wood fixtures, 
machinery, and equipment. It is seen, therefore, that 
the total weight of the ship without load is 2,970 tons, 
and that a reduction in the weight of the concrete per 
cubic foot from 150 to 106 pounds is of decided advan- 
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tage. The per cent dead weight to full-load displace- 
ment of a concrete ship, with standard concrete weigh- 
ing 150 pounds a cnbic foot, is 52, so that the achieve- 
ment in preparing the special aggregate needed added 
a dear ten per cent to this ratio. 

One of the outstanding problems is that of forms, 
which are constructed and placed for virtually the en- 
tire ship before the pouring of the concrete begins. 
The accuracy required is much greater than for ordi- 
nary concrete operations. There must be no increase 
in the thickness of the hull walls. Due regard must 
be had for proper balancing, while the comparatively 
thin covering of the reinforcement makes necessary 
more than ordinary accuracy in form construction. 

A number of suggestions have been made, all the 
way from plaster to metal, including metal-lined wood 
forms. There was also one suggestion that involved 
placing sections of the forms on wheels, so that they 
could be quickly removed when the concrete had hard- 
ened, and, following the launching of the ship, immedi- 
ately rolled back into place to begin the construction 
of a second vessel. Some engineers have advocated 
placing inside forms, then fabricating the steel rein- 
forcement, and finally setting up the outside forms. 
More often the reverse method has been followed ; that 
is, the outside forms have been set up, then the steel, 
and then the inside forms. Abroad small barges have 
been cast upside down, with the concrete placed by 
hand or with the cement-gun. 

The reinforcement constitutes another important 

problem, for its parts must be accurate to within a f rac- 

'on of an inch, even though at least 60 per cent, of 
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OOKCRETE SHIPS AND BARGES IN THE UNITED STATES AND 
CANADA IN 1918 

Dead 
vmpht 
CatmpUted: totmage 

SJB.F<iUh 5,000 

8.a Cimcreiia, Montreftl 350 

Oeeaa Barge ft Transport Co., Seattle, scow 550 

J. W. Thompeon Co., New Orleans, 2 barges 1,100 

Louis L. Brown Co., New York, 1 barge 700 

Louis L. Brown Co., 1 barge for Navy Department 500 

Fougner Concrete Shipbuilding Co., New Yorlc, 1 oil barge 

for Standard Oil Co 370 

American Chain Co., Bridgeport, Conn., 1 barge 100 

Harrison Barge, Long Beach, N. Y. (800 tons, estimated) . . 800 
Marl Barge, Union City, Mich 300 

9,770 

Chv^rmmeni work under ecniraet: 
Concrete Ship Department: 
Fifty 3,500-ton cargo ships. Liberty Shipbuilding Co., 

Brunswick, Ga. 175,000 

Fire 3,500-ton cargo ships, Fougner Concrete Shipbuilding 

Co., Fhishing, L. 1 17,500 

Forty-two Tessels, forty 7,500-ton oil tankers, with two 

3,500-ton cargo ships to be built at flre Goremment and 

two private yards 807,000 

Havy Department: 

Eleven 500-ton coal barges (one completed by L L. Brown 

Co.) 5,500 

Twenty-one 500-ton barges 10,500 

War Department-Army Trat^eport Service: 

Twelve 265-foot car-ferry floats, 1,100 tons 13,200 

Five 100-foot water-tank boats (285 tons, estimated) 1,425 

Fourteen 130-foot river steamers (390 tons, estimated) 5,450 



535,575 



Frivate eaniraete : 

One 2,000-ton cargo ship, Houston, Tex 2,000 

One qrlindrical oil tanker, New Orleans, La. (estimated) . . 1,500 

One oil tanker, Newburgh, N. Y. 2,800 

One seagoing barge, Vancouver 1,500 

Two 225-foot cargo ships, Cleveland, Ohio (estimated) 8,000 
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Dead 
Private eomiraeU {oomtimued) : weight 

to nnag e 

Two 150-foot tow barges, aereUnd, Ohio (estimated) 1,200 

One barge, 400 tone, Concrete Boat Co., San Francieoo, 

Calif 400 

One 600-ton barge, Chas. 0. Heyworth, Chicago, 111 600 

One tugboat, 25 tone; 10 bargee, 130 tone, International 

Constructors, Chicago, 111 1,325 

Three oil baiges, 400 tons (estimated),' Fougner Shipbuild- 
ing O). 1,200 

18,525 

Summary: 

Completed 9,770 

Government work under contract 535,575 

Private contracts 18,525 

563,870 

(From "Concrete Ships in 1018'' by Robert W. Lesley, in ''Cement in 
1018," Department of the Interior, U. 8. Geological Survey.) 

the ship's length necessitates frames constantly chang- 
ing shape. Virtually all of the metallic members are 
of small dimensions, and, with a total hull thickness of 
three and one half or four inches, it is apparent that 
any bending of the steel must be corrected, and that 
the curvatures that change forward and aft must be 
true. To avoid lapping the steel reinforcing material, 
a study of welding has been made, and this has involved 
tests of the various weldiqg methods and the devising 
of special welding-machines. Electric resistance weld- 
ing has given very satisfactory results. 

In considering the durability of concrete ships, the 

corrosion of this steel reinforcement constitutes one of 

the most serious elements of the problem. Much of the 

^teel is covered by little more than five eighths of an 

^ of concrete, and thi^ cannot be relied upon entirely 
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to prevent moisture reaching the metaL The steel may 
be protected by galvanizing or by being covered by 
some protective medium of a character not to effect 
bonding between the steel and the concrete. Again, 
the surface of the concrete may be given a coating that 
will prevent air and water from reaching the steel, or 
a density of sufScient magnitude may be secured in the 
concrete to make it impervious to water. 

It will be obvious that placing, concrete in such forms 
as have been described and around complicated metal 
reinforcement presents still another difficulty. It is 
highly desirable that the concrete be placed continu- 
ously to avoid construction joints, and for a 3,500-ton 
ship this means continuous concreting for three days 
of twenty-four hours each. A 7,500-ton ship means 
six days. By using a rich mortar mixture carefully 
prepared, a fairly fluid concrete can be obtained with- 
out the use of excessive moisture, and by taping the 
forms it can be made to settle satisfactorily around the 
steeL Since small aggregate is used, the danger of seg- 
regation, with which an engineer must reckon when 
working other types of concrete, is avoided. Also, by 
placing this mixture in small batches that are shoveled 
into the forms, a thorough working into place around 
the reinforcement is assured. 

The treatment of the hull involves providing a coat- 
ing that will resist barnacles, which show no discrim^ 
ination against concrete ships in fastening themselves 
upon anything that floats. The same difficulty with 
paint involving oUs is met here as elsewhere, since con- 
crete is a chemically active material, and its alkali 
tends to saponify the paint oils, thus causing their 
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speedy disintegration. An anti-fooling bitmninons 
coating appears to be one of the best for concrete ship- 
bottoms. 

In the design of the concrete ship the difference in 
weight of the hnll allows certain changes in the pro- 
portions of the vessel, as compared with the standard 
steel or wooden craft. Concrete being capable of mnch 
higher compressive stresses than tensile stresses, the 
design takes the greatest possible advantage of this 
compression. In experimental work, pressure-record- 
ing instruments and recording strain gages have been 
placed at many points to record the pressure exerted 
upon the vessel, and the effect of the engine vibration 
upon the concrete structure has been the subject of 
much discussion. 

Persons who felt that concrete ships would be short- 
lived, and even dangerous, based their contention upon 
the assumption that engine vibration would cause a 
shattering of the material or the development of large 
cracks. This has not proved to be the case with those 
vessels that are in service. The Faith, which was con- 
structed upon the Pacific coast, has made several trips 
in different seas, in which she was subjected to many 
adverse trials and all kinds of unfavorable weather 
conditions. She behaved satisfactorily under all cir- 
cumstances, and because of her rigidity her engines de- 
veloped a surprising eflSciency. 

The rigidity attainable for shafting and propeller 
supports proved to be as much of an advantage as in 
any location where heavy machinery is set up, and in 
general vibration apparently causes no more deteriora- 
tion in concrete vessels than in land structures of this 
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material The foundations and emplacements for the 
machinery equipment must, of course, be placed with 
great care, always remembering that metal parts em- 
bedded in concrete are not subject to change in posi- 
tion later on. Any fitting that is likely to require ad- 
justment must be attached in a manner to make this 
possible, and those parts that must be subject to re- 
newal or replacement must likewise be attached with 
this in view. 

Many of the attachments for the deck and the interior 
of the vessel may be made by molding anchor-bars 
permanently in the concrete, and special attention must 
be given in casting any part of the water-tight bulk- 
heads or members which must penetrate the outer shell 
of the vesseL The frame supporting the rudder to 
the outer end of the stem-tube is of cast steel, and a 
part of the all-steel stem of the vesseL The frame 
may be designed so that the whole stem may be de- 
tached from the hull, this being accomplished by means 
of plates extending on either side along the sides of 
the ship. Plates may be cast as flanges and attached 
to the reinforcing bars of the concrete properly placed. 

Concrete ocean-going ships are new, and we must 
wait a number of years for performances in actual prac- 
tice to demonstrate to what extent they are efficient 
and reliable. Theoretically, the concrete ship can be 
designed with far more accuracy than is customary 
with a steel ship. At least one ship has been success- 
fully built and has given satisfactory performance thus 
far in ocean service. We must expect some failures 
with vessels made* of concrete, just as we have had 
failures with vessels of other types. It is expected 
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that concrete of the necessary strength will have snflS- 
cient density to make it impermeable to water, so that 
the steel will be protected. Ways for protecting con- 
crete from the sea water have been devised. Those 
parts that are snbject to abrasion are above the water- 
line, where f reqnent inspections and repairs can be 
made. After all, the life of a ship depends upon some- 
thing that cannot be forecast, and that is its ability 
to withstand suddenly applied stresses and great loads, 
which come with the strain and wrenching of the sea, 
causing reversals of great stresses within such a rigid 
structure. As has been noted, the ship that has been 
watched most carefully has thus far proved satisfactory 
in this respect. 

Some of the other factors that may determine the 
durability of a concrete ship involve care in the type 
of cargo and the kind of electric current employed on 
shipboard. We know that various vegetable oils and 
sugar will so react with concrete as to cause disintegra- 
tion. If concrete vessels are to be employed in this sort 
of trade, then the inner surface of the hull will need to 
be especially protected. 

The possibility of electric current leaking makes it 
necessary that direct current be not used on concrete 
ships. At the Bureau of Standards it has been shown 
that a very small leak will cause weakening of the 
mortar at the cathode, if the action continues an appre- 
ciable time, with the result that the bond strength will 
decrease. If the leak is large, steel at the anode may 
oxidize resulting in the concrete splitting away from 
the reinforcement. With alternating current these 
troubles are avoided. 
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The troubles that may arise from electrolysis indicate 
the inadvisability of using brass or bronze castings ad- 
joining steel reinforcement, since in the presence of an 
electrolyte there is at once the possibility of local elec- 
trolytic action. 

Experiments with concrete in storage-tanks for oil 
indicate that the kind of concrete being used in ship 
construction makes special provision for the heavier 
fuel oils unnecessary, and if any further trouble should 
develop from this storage it is anticipated that research 
work now in progress on protective linings will have 
found ways for forming protective coatings. 

Whatever may be the result from the use of concrete 
as a shipbuilding material, it seems certain that barges 
for inland waterways, small lakes, canals, etc, will be 
successful. On suc^ waterways tiiey will not be sub- 
jected to sagging and hogging, nor to conditions that 
are responsible for the greatest stresses. Concrete 
tow-boats have been built for the New York State 
Canal, these being of five hundred tons capacity. 
These barges are made from the same type of concrete 
as is used in shipbuilding, and are provided with four- 
inch wooden plank floors and a three-inch plank lining 
of the vertical walls. The hatch-covers are of wood, 
with the timber frames bolted to the reinforced con- 
crete girder that forms the hatch. These barges are 
a little less than one hundred and fifty feet in length 
and twenty-one feet in width, so that their construction 
is decidedly less complex than in the case of an ocean- 
going vessel of far greater size. 

Concrete has been found very useful in another phase 
of shipping. Reports record at least one case in which 
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a hole stove in the side of a vessel was repaired with 
oonerete in a manner satisfactory nntil dry-dock oonld 
be reached. The woric may be said to have been im- 
provised, and consequently lacking some of the finer 
points of detailed constmction, but, in view of what has 
been said concerning concrete ships themsehreSi one can 
readily see how plates and timbers used as part of the 
repair could be made to constitute forms, and a rich 
hydraulic cement mortar used to make the repair water- 
ti^t Similarly cement and concrete have been used 
in salvaging sunken vessels. 

Also, since concrete ships have been a reality, OCTient 
mortar has been used to resurface old hulls, following 
the practice devised for converting old frame houses 
into modem stucco-covered structures. Suitable rein- 
forcement can be attached to the old hull and the mortar 
put in place, preferably with the aid of the modem 
cement-gun. (See Chapter 2L11.) 

The requirements of interior constraction in steel or 
wooden vessels can also be met in some particulars by 
concrete. As a surfacing material, as a protection 
against fire, it is unsurpassed. Cement flooring is not 
new in some types of vessels ; and, just as the material 
finds application in innumerable ways in land struc- 
tureSy so it finds itself afforded a usefulness on board 
ship, being limited principally by the resourcefulness 
of those who wish to use it 
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CHAPTER XVni 

BT7ILDIKG FOB A THOUSAND TSABS 

We have plainly indicated that stone properly pre- 
pared, erected, and protected will give us buildings 
that will last a thousand years ; and, now that scientists 
have learned much of the true nature of cement and 
what takes place when it sets, we have by far the best 
opportunity of our career to build enduring structures. 
Add to this the ability to apply accelerated tests and 
there seems to be little reason why we should not be 
able to erect reinforced concrete structures, with or 
without embellishment, with equally enduring mater- 
ials, which would last more than a thousand years. 

The concrete structures of today show how much has 
been accomplished in a comparatively short time, for it 
has only been within the last century that stucco houses 
of the better class have been erected. We still have 
about us examples of how not to build concrete houses, 
but with them there are many beautiful examples that 
indicate the possibilities. 

In mercantile and industrial concrete building it has 
been shown that efficiency of manufacturing operations 
can be obtained without lessening attractiveness in ex- 
terior appearance. Reinforced structures save space, 
because thin walls can be used. The reinforcing in- 
creases carrying capacity, and, the building being 
monolithic, vibrations are resisted to a remarkable de- 
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gree. Properly designed and erected, bnildmgB of re- 
inforced concrete have low maintenance costs, are en- 
dowed with many hygienic factors, and can be erected 
rapidly. Their principal disadvantage is the diflBooHy 
of altering them shonld a further increase in load be- 
yond that allowed by the safety factor later be found 
desirable. 

But there are other advantages in concrete oobstroe- 
tion. Much of the material needed for the construction 
is to be found near at hand, thus dispensing with the 
uncertainty of transportation and conditions that may 
obtain in distant labor centers. The materials for 
erecting such a building are brought to the spot in balk, 
and, aside from protecting the cement from the weather, 
require no special treatment or handling. Most of the 
labor required is of the less highly specialized variety, 
and the equipment needed is relatively simple. These 
factors give the following rating as to first costs for 
factory buildings, beginning with the least expensive : 
mill structures, concrete floor slab, concrete beam and 
slab, and structural steel fire-proof. Conditions that 
now obtain tend to diminish the difference between mill 
construction and work involving concrete. 

Speed of construction is often important, and on 
large contracts two months' time hiEis been saved by the 
use of concrete. The ability to resist fire needs no 
further comment, excepting to point out that insurance 
rates on contents are also affected. Then, all concrete 
floors being water-tight, there is less likelihood of dam- 
age to goods on floors below when the sprinklers let 
loose or the fire-hose is turned (m. 

Maintenance^ depredation, and obsolescence have 
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little terror for owners of concrete structures. Ger- 
micidal and cleansing preparations in general can be 
used without fear of injury. In machine-shops shafting 
stays in line, and there is no sagging or warping of 
beams, floors, and stairways. It has also been found 
that concrete buildings are adaptable, and with the 
changing centers of specialized industrial activity they 
are comparatively easy to refit for the new service. 
While it is not a simple matter to increase the strength 
so that additional loads may be borne, it is usually the 
case that so large a safety margin has been used in the 
calculation that new loads may be borne with safety. 
There is on record the case of a building originally in- 
tended to bear two hundred pounds to the square foot, 
which is now a warehouse for the storage of sheet 
metal, and the floor loads are six times as great. 

The adaptability of a building is important, and in 
concrete structures this adaptability is found to an 
unusdally large degree. They can be made warm and 
dry, for concrete is a poor conductor of heat. They 
are considered exceptionally secure against loss of life 
from tornados, earthquakes, or explosions; and in the 
San Francisco earthquake, the fire at Baltimore, the 
tornado at Fergus Falls, Minnesota, and the munition- 
ship explosion in Halifax harbor concrete structures 
gave examples of their great resistance to the destruc- 
tive forces of nature. In concrete buildings the cor- 
ners can be rounded to facilitate cleaning, and in one 
mercantile establishment the practice of painting the 
comers white assists in keeping them clean. 

The vibration of some buildings is a serious factor 
that can be expressed in dollars and cents, and the 
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rigidity of concrete structures is important in this con- 
nection. As the yearly turnover of a business often 
amounts to several times its first cost, an increase in 
production of from fifteen to twenty per cent may 
equal a large proportion of the total first cost of the 
building. There is on record a case in which a first- 
class mill-constructed building was completed at a cost 
of three thousand dollars below the bids submitted by 
reinforced concrete contractors on the same plans. 
Since the completion of the building twenty-two thou- 
sand dollars has been spent in an effort to stiffen it 
so as to eliminate vibration This amounted to ap- 
proximately fifty per cent, of the original contract 
Machines may be anchored and shafting supported in 
fixed positions without difficulty in concrete. Where 
requirements cannot be foreseen, such equipment can 
be put in place with bolts set in drilled holes. That 
this supplies adequate anchorage is indicated by the 
fact that the many balconies of the Traymore Hotel at 
Atlantic City are built of reinforced concrete, sup- 
ported by brackets stone-bolted to concrete columns. 

The American habit of filling in land, building sub- 
ways, and doing all sorts of things that call for special 
foundations, has developed that feature of engineering 
to a very high degree. The use of piles has been sup- 
plemented by the practice of casting concrete piers rest- 
ing upon bed-rock, and from this has developed the 
concrete-pile industry. Some of these have been 
patented, and in general they consist of a conical shell, 
or nose, that penetrates, and this is followed by a thin 
sheet-metal shell that holds the concrete poured into 
it, or some type of collapsible form that acts as a 
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support for some tyi>e of shell and is then withdrawn 
before the concrete is poured. Another plan uses a 
thin sheet-iron perforated shell on the outside of a 
second shell used only for driving, and the effect is to 
place concrete projections of different sizes and shapes 
in the surrounding soil, thus greatly increasing the an- 
chorage. 

A foundation should be in the form of a continuous 
wall rather than small piers, even if a building of small 
proportions must be supported. Continuous founda- 
tion gives the structure proper support to all areas, 
and aids in preventing the entrance of rodents. Where 
the entire structure is of concrete there is virtually 
nothing to attract rats and mice, and the fact that it 
is vermin-proof constitutes one of its attractions. 

In concrete foundations bolts or other forms of sup- 
port for wooden superstructure, where used, can be 
put in place by suspending them on cleats resting upon 
the forms, thereby securing an unusually firm anchor 
in the hardened walL 

Concrete blocks are rarely used in commercial build- 
ings excepting in those of small size; but occasionally 
a special block prepared with a peculiar type of fac- 
ing is used to give decoration to the structure. Again 
pre-cast blocks or slabs may be set up with centent 
mortar to give the appearance of natural stone con- 
struction, and in most large cities there are public 
buildings, banks, etc., built of this material Where 
the building itself is of monolithic concrete, it is fre- 
quently trimmed wth pre-cast blocks, which appear 
around doors and windows, at the comers, and else- 
where. Concrete blocks, as such,, have found their 
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greatest use in small structures such as dwellings, 
small mercantile buildings, garages, and the like. 
Their manufacture is described in the chapter on con- 
crete products. They can be used effectively, notwith- 
standing the monstrosities to be found about the coun- 
try, which have resulted from the use of plain blocks 
by persons of no artistic sense. 

Of late years small concrete blocks, more properly 
called concrete bricks, have been employed. The 
smaller size afforded a better opportunity of securing 
walls without that deadly regularity which has been 
characteristic of some block structures. Perhaps the 
greatest advantage, next to durability, in concrete 
structures of block construction, is the opportunity af- 
forded for one or more continuous air-spaces in the 
walL This permits e£Scient insulation, which provides 
against the changes of temperature out of doors. 
There have been patented designs for blocks timt allow 
of continuous air-space in both directions. 

A mean size of concrete building block is eight inches 
thick, with a face eight by sixteen inches. These di- 
mensions are subject to wide variations, and blocks 
have been made up to thirty-two inches in length. 
Fractional blocks must be made in order to secure 
breaking joints, and the faces of these blocks may be 
variously treated, as described in the chapter on art 
in concrete. 

In dwelling-houses concrete has been used in com- 
bination witli nearly every other building material, and 
by itself in monolithic construction, as slabs, as blocks, 
and as rough walls surfaced with a variety of stucoos. 
Many houses are Vuilt entirely of concrete, with the 
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exception of floors laid upon concrete bases, and the 
necessary trimmings, which may be metal finished to 
resemble wood. 

A great deal of publicity was given a few years ago 
to the small house to be cast monolitldcally, or to be 
poured as concrete slabs, one for each side, and then 
erected into the final structore. It has been argued 
that this tyi>e of dwelling is uneconomical to construct, 
unless the number involved is sufficient to pro-rate the 
cost of forms. To overcome this difficcdty, houses have 
been designed to use large pf^-cast units, usually slabs 
of a length equal to the height of the house, and of a 
width giving a total weight not difficult to transport. 
These slabs are joined and held securely by means of 
concrete poured into matdied openings left for this 
purpose. 

Any masonry wall may cause the condensation of 
moisture upon it, regardless of the extent to which 
it may be d^p-proof or water-proof. It is considered 
advisable, therefore, to f urr out from the inner wall and 
in tliis way provide small additional air-spaces be- 
tween the outside wall and the plastered wall upon 
which decorations are to be placed. This prevents 
warm air in the room from coming in direct contact 
with the cold outside wall, and no moisture will form 
to give unsightly evidence that moisture has been precF- 
ent. 

Occasionally a metal form is erected, metal lath or 
fabric is fastened to it, and the exterior is then covered 
with Portland cement or stucco. Metal latli is also 
attached to the inner side of the form and is then 
plastered with ordinary plaster. Partitions are built 
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up in the same fashion, or sometimes hollow cement 
tiles or other fire-proof partition material is employed. 
Floors and roofs may be similarly made, or reinforced 
concrete slabs may be put in place. 

Abroad it has become customary to cast the house 
with metal window casements in place. But large slabs 
when employed are composite, clinker aggregate being 
used in the inner surface to give more porosity and 
consequently better insulation. Where special blocks 
are cast, a stone concrete forms the outside face and 
coke breeze aggregate ia used on the inside. In all 
this composite work, barbed-wire reinforcement is 
used to overcome unequal shrinkage. 

Local aggregates frequently give desirable color to 
concrete walls, which are brushed with water at just 
the right time to remove the surface film of concrete 
mortar from the colored bits of stone. The surface 
may be variously treated as mentioned in the chapter 
on art in concrete. 

The requirements in a home are comfort, pleasure, 
sanitation, and durability. We should like a house 
cool in summer and easily heated in winter. We want 
to feel it is fire-proof, and has no place for vermin, 
rats, and mice. We wish tause a material that posses- 
ses individuality and with which a pleasing artistic ef- 
fect can be secured, free from damage without and 
within, sanitary to the utmost, proof to a remarkable 
degree against the destructive forces of nature. Con- 
crete houses can be made to answer these specifications, 
and when so built constitute an asset in every sense of 
the word and make it possible for us to build for a 

■^sand years. 
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CHAPTER XIX 

WATSB-PBOOFING AND 8UBFACS FBOTBOTIOK 

Throughout the discussion in this book, emphasis 
has been placed upon the necessity of obtaining con- 
crete as dense as possible, in order that there may be 
a minimum of voids to hold moisture that may lead 
to disintegration and ultimate failure. The point has 
also been made that moisture absorbed by the porous 
concrete not only works to disadvantage by causing 
volume changes/ but is liable to disrupt the mass 
through freezing and tawing. The only method of 
placing cement mortar, which reduces the water in ex- 
cess of that required for hydration to the minimum^ 
involves mechanical appliances such as the tamper, the 
roller, and especially the cement-g^iii* 

Very early in this era of concrete construction, it 
became apparent that means must be devised for damp- 
proofing and water-proofing all masonry building 
materials, which are more or less porous and permit 
the absorption of water by capillary action. In many 
instances, water that thus permeates material dissolves 
alkali sometimes present, and unfortunately brings 
this to the surface, where it deposits as a white crys- 
talline substance when the water evaporates. How 
often one sees otherwise attractive buildings discolored 
and marred by such a white deposit, most prominent 
at those seasons of the year when there is abundant 
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moisture in the air I This may often be avoided by 
the proper selection of brick, etc., having a minimnm of 
free alkaline salts. 

The term damp-proofing should be confined to the 
means used for keeping water and dampness out of the 
structure above the ground-line, and water-proofing as 
applying to foundations, tunnels, and other work be- 
low grade. 

Early in the development of damp- and water-proof- 
ing, the problem was not well understood, and reliance 
was placed upon materials that experience has shown 
to be ill suited for the work. This has been particu- 
larly unfortunate, since a prejudice against present 
scientifically combined materials arose, and today some 
engineers refuse to employ substances that are really 
eflScient, basing their objections upon the performance 
of coatings that should never have been employed. 

There are two main subdivisions, one involving coat- 
ings familiarly termed membrane treatment, and the 
other integral water-proofing, which, as the name im- 
plies, makes a water-proof material an integral part 
of the concrete mass. In particular work, both 
methods are sometimes employed. Turning now to the 
problem of damp-proofing, the methods may be consid- 
ered under processes that are designed to deposit 
water-resistant compounds in the pores of the material, 
and the treatment of surfaces with some form of wax 
as such or in solution. 

The use of wax was made popular by the work on the 
obelisk called ** Cleopatra's Needle*' in Central Park, 
New York, in 1885. The rapidity with which this 
ancient monument began to disintegrate under condi- 
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tions of modem civilization lends emphasis to the state- 
ment that the necessity for protection of stmctares may 
be traced to the influence of civilization. Cleopatra's 
Needle had stood for some fonr thousand years in the 
climate of Egjrpt without appreciable effect upon the 
stone ; but under conditions obtaining in New York its 
porous surface became shattered as a result of water 
freezing in the pores, and of the sulphurous and sul- 
phuric acid as found in the atmosphere of any modem 
industrial city. A similar experience has been met in 
London, where old buildings have begun to show the 
effect of this acid moisture following the burning of 
soft coaL The habit of the people in South Italy of 
continuing to use wood for fuel largely accounts for 
the absence of disintegration in the masonry of the 
Boman Empire. 

Beferring again to the obelisk, this was carefully 
cleaned and the loose stones removed. Some of these 
crumbled, and the total debris weighed nearly seven 
hundred and eighty pounds. The entire surface of the 
Needle was then carefully heated, bit by bit, with blow- 
torches, and the surface of nearly two hundred and 
seventy square yards was then treated with hot paraf- 
fin. This is a very effective type of damp-proofing, 
but quite obviously is limited in application to special 
cases where cost is entirely secondary and where the 
surface can be heated and coated in a manner to pro- 
cure satisfactory work. 

Virtually all of the early proprietary damp-proofing 
products were transparent, and were based upon solu- 
tions of paraffin or waxes, all designed to produce no 
change in color of the treated surface, and all being 
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easy to apply. It is weU known that only a small per 
cent of wax can be dissolved in a given volume of 
solvent, so that this method was not very successful, 
since upon evaporation an insufficient coating remained. 
Manufacturers did not always recognize this limitation, 
and cheerfully advertised effective results with a mini- 
mum number of applications. This did not leave a suf- 
ficient quantity of solids upon the surface to be effec- 
tive. 

Another large group of damp-proofing coatings in- 
volves the use of cement washes and coatings, based 
upon the employment of common oils. The applica- 
tion of cement washes assists in damp-proofing; since 
the treatment fills a part of the pores ; but these washes 
involve the use of water, which must occupy a definite 
space, leaving pores when this water evaporates. 
Water easily enters these micrc^scopic openings. 
Sometimes there is difficulty in obtaining a satisfactory 
bond between the wash and the concrete, and equally 
serious is the coefficient of expansion between those 
mixtures containing different proportions of cement 

When coatings based upon oils, meaning our ordinary 
paints, are put upon wood or metallic surfaces, there is 
no reaction between the surface and the coating, and 
if good practice is followed the result is satisfactory. 
Concrete, however, is chemically active, and is nearly 
always alkaline in naJfcurte. It will be recalled that 
soaps result when alkalis react with fatty acids, com- 
monly called fats. We have, then, a reason why oil- 
base coatings so often fail as protective films for con- 
crete. There is a tendency to saponify the coatings, 
which reduces them to an ineffective mass. 
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Whera paint has been need either as a damp-proof- 
ing medium or to decorate cement and concrete sur- 
faces, these surfaces should be treated by the Mac- 
nickol method, designed to neutralize the alkali and 
render the surface inert. This method consists in 
priming and filling the surface with a twenty-five per 
cent, water solution of zinc sulphate, prepared by dis^ 
solving three pounds of zinc sulphate crystals in a gal- 
lon of water. Tests conducted by the Paint Manufac- 
turers' Association of the United States indicate tliat, 
when cement surfaces have been treated in this man- 
ner, they may be painted with even more enduring 
results than wooden surfaces. The same typeH>f paint 
may be used, having a lead or a zinc base. The most 
satisfactory results have been obtained with paints 
made of linseed oil or mixtures of bodied and heat- 
treated linseed and Chinese wood oiL Such opaque 
white pigments as basic sulphate white lead, basic car- 
bonate white lead, zinc white lithopone, and such inert 
pigments as barytes, silica, white China clay, and as- 
bestine have been found satisfactory. 

The brush application of an acid resin is also used 
to damp-proof concrete. This procedure is based upon 
the fact that such acid resins will combine witli the 
lime of the concrete, and will form an integral material 
on the surface only. Sodium silicate has also been 
widely used for stuf ace treatment, the relatively in- 
soluble calcium silicate being formed in the pores of the 
surface ; but if wear must be withstood, as is the case 
with floors, this material is not very durable. An- 
other treatment applied to floors is designed to prevent 
excessive dusting, and involves the use of chemical 
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hardeners. Experiments are now under way at the 
Bureau of Standards with such compounds as ma^r- 
nesium fluosilicate and zino sulphate, as well as sodium 
silicate and aluminum sulphate. Of these, the alumi- 
num sulphate treatment is giving promising results, 
and a floor under test for nine months has still re- 
mained in a satisfactory condition. 

Anothei* method is damp-proofing with opaque ma- 
terials thai are also decorative. These materials are 
usually proprietary compounds designed with a knowl- 
edge of the physical and chemical character of the 
surface to be treated, and the kind of raw materials 
that can be treated in a way to have them combine with 
the cement to produce an eflScient protective coating. 

There is another important class of damp-proofing 
coatings that are in no way decorative, but that are 
designed first to seal the pores of the w^ and at the 
same time to facilitate bonding the coating of cement 
or other mortar to the surface of the damp-psoof ing 
material Such materials are built upon a bituminous 
base, and, as indicated, are applied to the inside of the 
wall. They are black, viscous, and are applied with a 
brush. They provide a continuous coating, which re- 
mains tacky for an indefinite period and forms a sort 
of insulating layer in the wall which efifectively pre- 
vents moisture from passing beyond it. 

Silicofluoride, which precipitates silica into the pores 
of the concrete and thereby makes it water- and air- 
resistant, is applied with a brush, or, when large areas 
are concerned, may be sprayed on the surface. 

Another method, which really involves surface treat- 
ment and is more than damp-proofing, may be con- 



Digitized 



by Google 



WATEB-PBOOFING 237 

8idered before water-proofing is discnssecL It does not 
attempt to treat the concrete or cement, bnt undertakes 
to protect the structure from contact of moisture by 
enveloping it in a membrane. This membrane is con- 
tinuous, and consists of a bituminous shield witli which 
some sort of fiber is employed. As compared with 
other coatings, the membrane method has &e advan- 
tage that it is not affected by any movement of the 
wall or protected member, and cracks that develop in 
the concrete have no effect upon it. It was the early 
practice to put asphalt, coal-tar, pitch, or special bi- 
tuminous composition directly upon the concrete ; but 
it was found that, notwithstanding its elasticity, the 
coat was liable to crack with any movement of the 
walL 

By employing burlap, coal-tar felt, special water- 
proofing felts, and the like, reasonably perfect mem- 
branes, possessing strength and toughness sufficient to 
withstand small stresses, can be applied. Asphalts 
are favored when the membrane is to be exposed to the 
air, since they are not so liable to be affected by oxida- 
tion as are the coal-tar products. The latter have been 
given preference for work below ground, which has to 
be covered with earth. Whenever a bituminous ma- 
terial is employed, it should be selected with reference 
to a low melting-point, which not only insures greater 
elasticity, but is easier to apply. 

Special asphalts are frequently made up from such 
hard hydrocarbons as Gilsonite made into a viscous 
fluid with petroleum residues which give the necessary 
elasticity. 

When it comes to integral water-proofing, it must 



Digitized 



by Google 



238 THE NEW STONE AGE 

be remembered that such density and water-resistant 
characteristics as cement mortar and concrete have 
are partially due to the colloidal cement, which per- 
meates the pores of the material upon hydration and 
which becomes so dense as to render the mass almost 
water-tight if sufiScient moistare remains in contact 
with it. Chemically this colloidal cement is a calcium 
silicate formed by the reaction between the silica and 
lime of the cement, and technically known as colloidal 
calcium hydrosilicate. Fundamentally, a most suc- 
cessful integral water-proofing material would be a col- 
loid that would entirely fill the voids and pores in the 
cement or concrete mass, leaving no spaces between the 
crystals that are formed in the process of hardening. 
Such a colloid should expand and develop only enough 
to perform this function ; for, obviously, if such an in- 
tegral expansive force continued, cracks might develop 
due to internal strains that would be set up. Fur- 
ther, an ideal colloid for the purpose should not tend to 
lose its character should the concrete mass become dry, 
and should always quickly revert to its colloidal state 
upon wetting after having been thoroughly dried. 

Hydrated lime, clay, and aluminum hydroxide are 
examples of colloids that are slow in reverting to their 
colloidal state after drying. With this understanding 
of what a water-proofing compound should be, the de- 
velopment of integral materials for the purpose may be 
considered. 

These may be either dry compounds to be mixed with 
the cement, or n^terials to be added to the water used 
in mixing the mortar and concrete. Some compounds 
are composed of materials known to be repellent to 
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water, of which class the metallic soaps are examples. 
A lime salt of a fatty acid is a popular repellent for 
this use. It is efficient, but only when uniformly mixed 
with the material and evenly distributed throughout the 
mass. It will be apparent that such materials, upon 
coming in contact with water added to the dry cement 
with which they are mixed, will have a tendency to 
leave the mass and float upon the surface. The more 
water added, the greater the separation of the repel- 
lent i>owders that are thus afforded a greater oppor- 
tunity to rise through the mass. Occasionally, as in 
the facing of concrete blocks and artificial stone, 
methods can be developed that tend to hold the repel- 
lent in place; but in general there has been difficulty 
in the application of dry repellent powders. 

Another natural development arising from experi- 
ence with repellent powders has been the effort to pro- 
vide something that would accomplish the purpose so 
far as water-proofing is concerned, and yet be of a na- 
ture that would make possible the mixture of such a 
non-repellent material uniformly throughout the dry 
cement and sand. Such products have been built up 
about hydrated clay, aluminum hydroxide, or other in- 
organic colloidal material as a basis. This involves 
grinding such substances extremely fine, but it has not 
been found that such materials will develop colloidal 
characteristics to the ideal extent required to fill the 
voids completely. Some also hold that when these ma- 
terials once become dried out they are not likely quickly 
to return to their volume in the colloidal state when 
again wetted. 

In chemical eng^eering, integral powders are also 
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used to render the structure more resistant to acids or 
alkalis, as the case may require. 

There is still another class of materials that have 
been applied in integral water-proofing. They are me- 
tallic in nature, and nearly always consist of iron re- 
duced to a very high state of subdivision and inti- 
mately mixed with the concrete mass. Theoretically, 
this metallic iron is changed into iron oxide, as common 
rust is called; and this oxide ocicupies a larger volume 
than does its equivalent of metallic iron. The voids 
should be filled and the concrete rendered so dense as 
to be impervious to water. A great deal of concrete 
has been placed with this type of water-proofing, and 
much of it has been successful Some contend that 
the conditions under which the iron is placed in the con- 
crete mass renders its oxidation very slow, if not im- 
possible, particularly in the interior of the mass, and 
that it therefore cannot attain maximum efficiency. 
It depends, obviously, upon the conversion into the 
oxide, and where both air and moisture are present 
this is rapidly formed, but not under other conditions. 

Finely ground metallic iron, with the addition of 
certain diemicals, is also used in surface applications 
in which an effort is made to fill all surface pores with 
the iron, which can there form a void-filling oxide. 

There is still a class of water-proofing materials to 
be considered, namely, those that are added to the mix- 
ing water rather than to the dry cement. Such com- 
pounds, either as pastes or powders, should be evenly 
distributed throughout the mass with greater facility 
if mixed with water than if confined to the dry ma- 
terials. Colloids must supply the effective substance, 
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remembering that it is now agreed. that it is colloidal 
oement that aaeiets in making untreated concrete as 
water-proof as it is. 

One type of this material is the unsaturated fatty 
adds, wluch react with the elements of the cement to 
produce a water-proofing compound. The calcium 
hydroxide of the cement used in this way is thought 
by some to decrease that available for the initial set- 
ting and*hardening of the cement to such a point that 
the strength of the concrete may be affected, and they 
therefore prefer to use colloids that are efficient on 
account of their own characteristics, and that do not 
depend upon the reaction with the cement for their ef- 
ficiency. 

The present tendency is to furnish this type of col- 
loidal material in concentrated form, so that there may 
be sufficient colloid present to close all pores and fill 
voids. 

It seems particularly important that stucco should 
be water-proof, for it is a common thing to see other- 
wise handsome buildings disfigured by great cracks and 
occasional bare spots where the stucco has fallen away 
due to moisture, or where moisture destroys such a 
surface by including volume changes, manifested either 
by expansion and contraction or freezing and thawing, 
sometimes from both causes. The integral water- 
proofing of stucco is not difficult, and certainly should 
be more universally practised. Experiments have 
been conducted in the laboratory with cubes of different 
kinds of stucco, some water-proofed effectively, some 
untreated, and others that show the waterproofing to 
have been imperfectly done. The results indicated 
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without any question the relative absorbent qualities 
of the specimens, and showed how readily untreated 
concrete will absorb comparatively large quantities of 
moisture. 

Where any type of damp-proofing or water-proofing 
surface treatment is followed, it is essential that the 
masonry surface be as dry as possible ; for this coating 
depends to some extent upon the absorption of the wall 
to secure adequate penetration, which insures a good 
bond. Continuity in such surface treatments is essen- 
tial, and where ceilings make it impossible to carry the 
surfacing treatment of side walls continuously between 
floors, it is recommended that the coating be carried out 
some distance upon the ceiling. 

Where coatings are used below grade, or over places 
where there is apt to be pressure from water behind the 
wall, it is quite essential that this pressure be relieved 
through drain-pipes, sometimes carried through the 
wall itself, these drains being closed after the remain- 
der of the wall has been treated. Experience has 
shown that with buildings satisfactory results are ob- 
tained by placing ordinary drain tile of sufficient capa- 
city outside the wall at the foundation footing, so that 
water accumulating outside the wall and running down 
may be rapidly carried away and pressure avoided. 
Walls provided with such drainage, and properly coated 
with a bituminous film, seldom allow moisture to enter 
the basement. This treatment is obviously applicable 
only in those instances where the excavation does not 
go beyond the line that will permit sufficient fall to be 
given the tile to drain into existing sewage systems. 

Mr. H. D. Hyman, in a discussion of integral water- 



Digitized 



by Google 



WATEB-PROOFING 243 

proofing, emphasizes six points, the neglect of any one 
of which may lead to unsatisfactory water-proofing. 
These six points are as follows : 

1. The ingredients for the concrete must be standard in 
every respect ; the sand must be clean and coarse, and the 
gravel or broken stone of the best quality. 

2. The integral compound must be of tested merit, incor- 
porated in accordance with the manufacturer's directions, 
and thoroughly diffused throughout the mass. 

3. The ingredients must be so proportioned that the cement 
mortar will fill the voids of the aggregate. 

4. Mixing must be thorough to obtain uniform density and 
the consistency known as quaky used. Tie-forms well 
braced are an essential to good results. Care must be 
assumed in placing the concrete, with particular atten- 
tion to the spading at the faces, and to the horizontal 
joints between material placed on different days. No 
wood of any kind can be allowed to remain in the con- 
crete. 

5. Qround water must be kept from the mass until it has 
reached a point at which it is capable of resisting the 
destructive action of the water. Draining, and even 
pumping, must be resorted to when necessary. 

6. Each member of the structure must be designed and 
constructed so that the water-pressure will be resisted 
without exceeding the structural strength of the member. 
The foundation must be able to support the structure 
without excessive settlement of the structure, and the 
whole must possess sufScient weight to counteract the 
lifting pressure. 

Concrete is so good a structural material that these 
various processes designed to make it ideal should be 
considered with reference to special needs as they arise 
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in the implication of concrete in our modem stractores. 
The comparatively slight added cost constitutes in- 
surance against the little things, aB well a9 the great, 
whidi often mar walls, give rise to stains, and other- 
wise displease and aggravate the occupant, if indeed 
they do not lead to inconvenient extensive and expen- 
sive repairs. When . scientifically undertaken, water- 
proofing and damp-proofing of cement and concrete can 
be effected to a remarkably satisfactory degree. 
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CHAPTER XX 

OONCBBTB TANKS 

Concrete tanks, especiaUy for industrial purposes, 
are being used to a constantly increasing extent. Many 
of these tanks are underground, and, since it is com- 
paratively easy to mold a tank in place, it has been 
found possible to put concrete tanks where they will 
be of maximum service, frequently in out-of-the-way 
places in whidi it would be difficult to fit a metal tank 
or to construct a satisfactory tank of any other ma- 
terial Concrete tanks can be built in batteries or 
groups, as plant conditions require. Compartments 
can be made monolithic with the general structurjB. 
Suitable inlet and outlet pipes can be provided, and 
when it is considered that various types of treatment 
can be given the concrete, either integral or surface, it 
will be recognized that they can be made to serve an 
almost endless variety of purposes. Indeed, many con- 
crete tanks are performing service that no other struc- 
tural material can give so satisfactorily. 

We need not stress the adaptability of concrete for 
the storage of water, except to say that water-tanks, 
often made beautiful by the design and general treat- 
ment, have been set in doors and out of doors, both 
above and under ground. 

Where mineral oils are to be stored, concrete ^ 
are not an experiment Many such tanks have fi 
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years of service behind them, and tanks for the stor- 
age of eight hundred million gallons of mineral oil are 
now available in the United States. The size of the 
tank depends almost entirely upon the skill and per- 
fection of workmanship employed in its construction. 
To be proof against the leakage of liquids, high density 
must be secured, and it pays to use precautions that 
are well understood in the selection of materials, in 
their proper proportioning and mixing, and in the care- 
ful placing of concrete tank walls, bottom, and cover. 

Perhaps the greatest advantages of the concrete 
tank are to be gained when they are placed under- 
ground and covered with two or three feet of earth. 
This makes it possible to maintain a comparatively 
even temperature, reduces losses from evaporation, 
and provides the greatest protection from fire, light- 
ning, and other destructive agencies. When tanks are 
so placed, insurance is reduced, and the fire hazard for 
buildings in the vicinity is brought to a minimum. 

The storage of vegetable and animal oils has not been 
so simple, and it is believed that concrete designed to 
hold such materials should be given at least a surface 
treatment with some such substance as magnesium 
fluosilicate. Such a treatment for tanks designed to 
hold the heavier or crude petroleum oils is a wise pre- 
cautionary measure, and even tanks that are to hold 
water only should be given a coating of rich mortar to 
be sure that all pores are closed. The advantage of 
using cement for this application will be apparent. 

When molasses is stored in concrete, a complication 
is introduced due to the fact that there may be a ten- 
dency to fermentation, requiring frequent cleaning of 
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the tank. This can be largely overcome hy using under- 
ground tanks. Any reaction between the calcium salts 
in the concrete and the sugar solutions can be retarted 
or prevented by suitable treatment of the tank surface. 
A number of molasses storage-tanks are in use by a 
company having over a half million gallon capacity 
in concrete storage. A portion of these tanks received 
inside treatment of flexible coal-tar, which afforded 
complete protection. 

The storage of miscellaneous chemical solutions has 
presented a variety of problems in concrete tank con- 
struction. Steel or wood tanks will not withstand the 
chemical action involved, and progress has been made 
in lining such tanks with lead, glass, or other types of 
enamel. It is difficult to apply an enamel that will be 
entirely free from pin-holes, which become at once the 
center of considerable trouble, and the harder enamels 
are at times subject to abrasion or injury from im- 
pact. These conditions have led to experiments with 
concrete tanks for a great number of purposes, and in 
most cases these have been satisfactory in their i>er- 
formance. 

Stock chests in paper-mills and other tanks in the 
same industry have been satisfactory, although the con- 
crete is not given any special treatment. Calcium- 
chloride solutions have also been stored, the untreated 
walls showing slight wear only. Bisulphide-of-lime 
solution has been stored in tanks built in 1904, and acid 
towers of concrete lined with vitrified tile have proved 
entirely suitable. Silicate of soda stored in concrete 
tanks has no effect upon the material, as is to be ex- 
pected. 
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A snlphurio-acid solution in a concrete digester nsed 
for treating wood chips, and lined with brick laid in 
litharge, has given no trouble whatever. A tank in 
which snlphnric and hydrochloric acid has been stored 
from time to time, the surface of the tank having been 
treated with special coatings, has ^ven no trouble. 
Tar-coated tanks have been used with complete success 
for storing ammoniacal liquors. Zinc chloride and vari- 
ous types of electrolytic solutions have also been stored 
in tanks, some of which have been treated with asphalt 
coating. Tanning liquors stored in concrete tanks 
have had no effect upon the vats, which have given 
their owners satisfactory service, and concrete tanks 
for this type of storage have been in use since 1905. 
Tanning liquors include leaching, bark solutions, hem- 
lock liquors, quebracho, and other extracts, and it is 
the opinion of many in the tanning industry that no 
other material for vats could have been so successfully 
used as reinforced concrete, with or without special 
surface treatment. 

Log boiling previous to the cutting of veneer has also 
been successfully carried on in concrete tanks, where 
no effect other than the natural abrasion incident to 
the boiling of logs has been noticed. 

The dairy industry has also extensively used tanks 
of this material. Whey, buttermilk, and many other 
dairy products are satisfactorily stored in such tanks, 
which have decided advantages in being non-absorp- 
tive and easily cleaned. 

In the gas industry, purifying boxes of large capa- 
city, scrubbers, and other units have been installed. 
The mining and metallurgical industry also uses tanks 
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for slimes and varioiis types of storage with great sno- 
oess. In the recovery of many materials, concrete 
tanks find a place, and for the storage of liquids nsed 
for cleaning in electroplating and similar specialties, 
concrete is an appreciated item of equipment. 

It must be apparent that such tanks are called upon 
to bear considerable stresses, and it is necessary care- 
fuUy to design and construct such apparatus, paying 
especial attention to satisfactory reinforcement. The 
number of construction joints or seams should be re- 
duced to a minimum, and any speeding up of the work 
necessary to accomplish this is fully justified. Where 
joints must be used, precautions should be taken to 
secure as tight a joint as possible. To do this, it is 
sometimes good practice to embed a metal plate in the 
freshly placed concrete, so that it will extend some 
distance into the concrete next to be placed. In addi- 
tion to this, the surface of that material placed last 
must be roughened before the work has stopped, and 
cleaned and painted with cement grout before the new 
layer is poured. Also, because great strength may be 
demanded of concrete tanks, precautions should be 
taken to secure the maximum strength, which is at- 
tained only when the material is well cured and pro- 
tected during the time it is going through the initial 
setting and the hardening period. As soon as strength 
has been suflSciently developed to withstand the pres- 
sure of water, it is advisable partly to fill the tank, 
so that there may be abundant moisture easily avail- 
able to facilitate proper hardening. 

Concrete water-storage tanks must often be elevated 
on some type of supporting structure. This structure 



Digitized 



by Google 



250 THE NEW STONE AGE 

may be of the same material, but where metal is used 
for any reason it is a good practice to protect it from 
corrosion by embedding it in concrete or covering it 
with a dense coating of cement mortar, best applied by 
some such mechanical device as the cement-gan. 
Where the height is not too great, the conduit through 
which the water is pumped to the tank and the exit 
pipes may be made a part of the supporting structure, 
and encased in a wall of concrete sufiBciently thick to 
bear the weight of the full tank, thereby simplifying 
the support of the structure and making it somewhat 
less conspicuous. 

Swimming- and wading-pools are in effect sunken 
concrete tanks. They have come into general use be- 
cause they are easy to construct, easy to keep clean, 
and may be built of any desired shape without diffi- 
culty. The surrounding houses can be made of the 
same material, as may also sliding-boards, platforms, 
and other accessories. Where a white surface is de- 
sired in a swinmiing-pool, a white cement wash may be 
applied, and if special markings are desired, tile can 
easily be set into the concrete at the time of placement 
The wading-pool has recently appeared in increasing 
numbers in various public parks, such pools usually 
having a maximum depth of twelve inches. With con- 
crete they may be constructed with a sloping pave- 
ment, to permit an easy entrance, and the surface can 
be sufficiently roughened to add the safety of walking 
without any discomfort. Such pools form ideal skat- 
ing-ponds for winter sports. 

The grain-elevator and storage-bin is really a tank 
under another name. The fire hazard, ever present 
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in adjoining structures where organic dust may become 
suspended in air in such a proportion as to give rise 
to spontaneous combustion, makes the use of fire-proof 
materials important in their construction. Another 
source of considerable loss in mills is from insects and 
rats, which not only destroy quantities of grain an- 
nually, but gnaw their way through walls and floors, 
thus giving rise to a considerable percentage of loss 
through leakage. 

Concrete bins and elevators are obviously proof 
against these destructive agencies, and in addition are 
dry and water-tight. They have come to dot the land- 
scape in all those areas where grain is the basis of a 
considerable portion of the industrial activity. Along 
the Great Lakes and the great grain-carrying rail- 
roads, numerous elevators have sprung up, these 
usually being built as a series of circular towers hav- 
ing incredible capacity, and making it possible to ex- 
pand the plant to suit the requirements as they arise. 

Acting upon this suggestion, some farmers have put 
in small tanks or bins in which to store their crops, 
awaiting favorable market conditions. On one farm 
four such bins, each of a diameter of twenty feet and a 
height of fifty-six feet, have been erected, with a total 
capacity of 45,000 bushels, and an annual saving con- 
siderably in excess of ten per cent, of the cost has been 
effected since their installation. 

In many instances, upon the farm, in the small 
elevator, and in the elevator of enormous capacity, 
fires on adjoining property have left these bins intact 
and the grain within them undamaged. One of the 
most striking examples of this was in connection with 
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the Baltimore fire, where the concrete grain bins of the 
Pennsylvania Railroad and the chimney of the same 
material were the only parts of that great plant which 
survived the conflagration. 
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CHAPTER XXI 

COKOBBTB PB0DXJ0T8 

While cement is very nearly a nniversal oonstniction 
material, there is, as in most cases, a great advantage 
in experience in its manipnlation. This point has been 
made repeatedly in other chapters, and in no way de- 
tracts from the many advantages that the material has. 
It is simply the case of making a good thing better 
by the application of the skill which comes only with 
experience. There is a fnrther advantage in the use 
of concrete products, and that is that where a plant has 
been properly established and managed it is possible 
to install the very best apparatus to secure results to 
specifications, and materials are produced with a great 
deal of uniformity, homogeneous in texture, accurate 
in dimensions, true to form, and made in a way to have 
high strength. Concrete products can be made under 
fairly uniform and standardized conditions. Proper 
facilities for curing can be installed, involving tunnels 
or other devices where curing is carried out even under 
steam pressure and out of the ordinary temperatures 
with a view to securing special results. The employ- 
ment of units pre-cast gives great flexibility in construc- 
tion, and enables one to secure the utmost that is de- 
sirable in contrast. 

Perhaps the best known concrete products are Mocks 
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that have been recommended in times past for all sorts 
of purposes, many of them unfortunately being not 
well suited for execution with blocks as they were first 
produced. It took a little time to develop the idea of 
special shapes and lengths of blocks that could be laid 
artistically and in a way to approach the appearance 
of stone masonry. Then, too, it has been found unde- 
sirable to attempt the reproduction of cut-stone blocks 
in concrete. However, molds might be sufficiently 
tooled and finished to give the type of break on the 
surface that is obtained by chiseling natural rock, but 
it seems far better to create for concrete blocks a type 
of special surface that shall be characteristic of the 
material. 

The concrete block is the product of a machine that 
discharges the blocks in various gangs or numbers, de- 
pendent upon the capacity of the plant. Greater 
density is obtained by the use of vibrating-machincs, so 
designed that vibration is applied before the initial set 
of the mass. When concrete begins to harden, nothing 
should be done to disturb it, and never should any at- 
tempt be made to retemper partially set concrete or to 
use it in new batches of freshly mixed concrete. 

Reference has been made to the possibility of com- 
bining different mixtures into concrete block. Thus 
crushed coke, familiarly known as coke breeze, may be 
used for the inside of the block, because it is porous 
and not so liable to permit the condensation of moisture 
upon its surface. The outer surface of the block may 
be varied in its composition, producing many types of 
special facing. 

Such blocks usually require careful reinforcement, 
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barbed wire being a popular material for the purpose, 
in order that the uneven volume changes, due to differ- 
ences in the mixtures used, may be counteracted and 
kept from destroying the structure. Oreat strength 
can be obtained, with a decrease in the gross weight, by 
the use of well placed webs, which at the same time 
provide the much desired air-space. Where metal fit- 
tings are required for any purpose, such as hinges, they 
can be either stone-bolted into the concrete block or 
actually cast in place at the time the block is made. 

Closely related to concrete blocks are the slabs usu- 
ally designated as concrete lumber. This is made with 
or without provision for joints, which must be obtained 
by recesses in one edge of the slab placed to fit over a 
corresponding projection in an adjacent slab. To fa- 
cilitate carrying and placing heavy units of lumber, it 
is customary to provide metal eyes for carrying, but in 
some cases threaded metal sockets have been cast in 
place, so that screw-bolts can be inserted when it is 
necessary to transport the slab. Some cement-pro- 
ducts plants carry such reinforced slabs in stock, the 
size being determined by the local demand. Fre- 
quently it has been found possible to provide and place 
concrete lumber at a total cost not in excess of duplicat- 
ing the work with first-rate timber. In such cases the 
advantage is without question usually with the concrete, 
because of its fire-, water-, and vermin-proof qualities. 
It is easy, also, to cast in place such metal comers and 
edges as may be thought desirable to protect the mate- 
rial from blows that may disfigure the comers and lead 
to the ultimate disintegration by abrasion and the en- 
trance of water. 
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Another material is concrete tile or shingles, which 
so far have not been extensively nsed, probably because 
of a lack of familiarity with their good qualities. Ob- 
viously, roofing of this character must be made with 
great care, since it is intended to last indefinitely when 
once in place. Due regard must be given to the support 
of the roof-frame, for concrete shingles are much 
heavier than wooden shingles, and cement may be com- 
pared with large Spanish tiles in this particular. 
When well made they stand the impact of materials 
ordinarily falling upon them, and if the angle or slope 
of the roof is made sufficiently steep they can be relied 
upon to be water-proof. Such shingles are usually flat, 
with a ridge that interlocks with a corresponding de- 
pression in another shingle, so that a tight fit can be 
obtained in all directions, and inorganic or mineral 
pigment is used in the surface to provide the desired 
color. 

Posts of all types have been made of reinforced con- 
crete in the concrete-products industry. They are 
permanent, and for this reason they have become ex- 
tremely popular. The increasing scarcity and rapidly 
advancing cost of wood posts of the types of wood 
known to withstand rotting and decaying satisfactorily 
has done much to increase the demand for concrete 
posts, and today many corporations and farmers are 
making such posts in those seasons of the year when 
other work is slack. The average farm of one hun- 
dred and thirty-eight acres requires seventy-five posts 
each year to replace ordinary breakage and wear of 
wooden posts. If all farms availed themselves of the 
advantages of concrete fence-posts, there would be a 
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possible market of nearly half a million posts a year 
until the farms had become entirely ref enced with con- 
crete posts. Such posts can be made to have the same 
advantages as the wooden ones, and are becoming a 
stable product of the concrete-products plants. Mile- 
posts of this character are to be found in some parts 
of the country, and highly ornamental posts are used, 
especially at the comers of city property. 

Concrete guide-posts have been installed through 
some areas, and years ago combined supports for 
trolley wires, electric lighting wires, and letter-boxes 
were installed in various parts of the world. These 
same posts have also been made to carry the lighting 
units for streets, and later on the letter-boxes them- 
selves were made of concrete. The concrete lighting 
standard is now familiar in most cities. It has been 
made very attractive, is economical to install, involves 
a low maintenance cost, and all in all would seem to 
solve the lighting standard problem for many a city. 
Provision is made for the conduit in the design of the 
post, so that the wires of various types are both hidden 
and protected. Such conduit is usually led into iron 
pipes embedded in the concrete and thus protected 
from corrosion. Concrete grape-vine posts have also 
been widely used, and special posts supporting concrete 
beams have been used in a protecting fence on narrow 
roads, on curves, and on embankments. These struc- 
tures are sufficiently massive and heavy to prevent ve- 
hicles from plunging into dangerous places. 

Another extensive specialty of the concrete-products 
plant is the tile for land drainage and for sewerage 
purposes. One of the essential advantages of concrete 
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tile is its uniformity of size^ for the volmne of water 
that will flow through a tile line is limited to the capac- 
ity of the smallest tile in the line. Since concrete tile 
is machine-made, the diameter and length may be de- 
pended upon to be oniform. The caring of the tile is 
not likely to bring about any such changes as are ex- 
perienced in the burning of the older day tile. An- 
other point is that drcular tile has a greater capacity 
for its diameter than has oval tile. The four-inch cir- 
cular tile may carry as much water as a five-inch tile 
that is not a true circle. Here, again, the machine- 
made product has a marked advantage, and, since con- 
crete tile is always cylindrical, there is no variation 
that would prevent the free and rapid movement of 
water. Bough places on the inside of the tile serve to 
retard the flow of the water. Consequently the smooth 
interior finish that characterizes all machine-made con- 
crete tile is a marked advantage. 

The ends of the tile are smooth and run parallel, so 
that the tile may be fitted closely together. This is an 
important point, for, while it is through such joints 
that water to be carried away enters the tile line, it 
is also through poor joints that silt and earth enter, 
sometimes in sufficient quantity to block a tile line, 
necessitating labor and expense of digging it up and 
cleaning and relaying the line. In a well regulated 
concrete-products plant tile is produced of uniform 
strength because a uniform mixture is utilized and 
molded under uniform conditions. The cycle is com- 
pleted by the proper curing, so that the tile in the line 
will be of uniform strength. 

It is not customary to use reinforcement until a 
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diameter of twenty-four inches has been reached; but 
tile of this and larger diameter is usually reinforced, 
partly to enable safe handling of such a heavy unit. 

Besides its use in drainage systems, reinforced con- 
crete tile or pipe made in large quantity has been em- 
ployed as conduits for water under high pressure, and 
also for sewers. This pipe is constructed with edges 
designed to give tight joints, and has been made at 
least as much as one hundred and eight inches in di- 
ameter. Such a pipe has a thickness of nine inches, 
and, being in fifteen-foot sections, weighs fifty-five 
thousand pounds a section. Such pipe has been laid 
by divers working in fifteen feet of water and has given 
very satisfactory service. High pressures are with- 
stood by such reinforced pipe, and it is known that 
under fifty pounds pressure to a square inch a mile of 
such material leaked only three hundred and thirty-five 
gallons in twenty-four hours. 

The manufacture of such pipe involves a careful 
grading of aggregate, the careful proportioning of all 
ingredients, thorough mixing, and the proper placing 
of materials in the mold. Usually one sack of cement 
is used to one and a half cubic feet of well graded sand 
and two and a half cubic feet of clean pebbles or 
broken stone ranging from one quarter to not more 
than three quarters of an inch in the greatest dimen- 
sion. The additional strength required is secured by 
embedding reinforcement in the concrete. For this 
purpose steel bars of cold-drawn wire mesh are used. 
This reinforcement is capable of resisting strains of 
from ten thousand pounds to twelve thousand pounds 
per square inch. 



Digitized 



by Google 



260 THE NEW STONE AGE 

The use of concrete pipe for sewerage purposes dates 
back a nninber of years, the first sewers of this kind 
having been laid about 1850. Since that time many 
miles of such sewers have been put down because of its 
low cost and general satisfaction. It is particularly 
necessary to build such pipe with care, as no leakage is 
the ideal condition. A deficiency in fine material in the 
aggregate may cause pin-holes through which water 
may be forced when the pipe is exposed to internal 
pressure. 

While an excess of such fine material will cause low 
strength and in general produce a pipe that will show 
seepage when internal pressure is applied, all such pipe 
used for sewerage purposes should be tested. Two in- 
dications of good quality are a high supporting strength 
and a low percentage of absorption. In determining 
absorption it is the practice to dry the pipe out at a 
temperature of 212^ F. to constant weight The pipe 
will absorb its full amount of water within twenty-four 
hours after being immersed, and upon being reweighed 
the percentage of absorption can be readily calculated. 
Tests have clearly shown that high strength and low 
absorption are inseparable. It is believed that in the 
few cases where fault has been found with concrete 
pipe for sewerage purposes, the di£Bculty has been due 
to poor workmanship rather than to any faults inherent 
in the material itself. 

Concrete burial vaults have been a specialty of some 
product plants, and easily replace the brick and stone 
masonry so often used in cemeteries. Hot-beds and 
cold-frames have also been constructed of concrete 
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products, having obvious advantages over wooden 
structural material for the same purposes. 

The market to be reached by a cement-products plant 
is somewhat restricted by freight rates and the radius 
through which materials must be transported econom- 
ically by motor-truck or team. Favorable freight 
rates are usually accorded cement products, and units 
such as silo staves, building block, drain-tile, wall-tile, 
and the like are often shipped great distances, espe- 
cially to dealers who arrange to stock car-load lots for 
distribution in their own communities. The cement- 
products manufacturer can usually operate the entire 
year, and the business is one that ordinarily does not 
require a great outlay of capital at the start. 

It is essential that such a plant maintain a high 
standard of workmanship, and that those in charge 
give constant study to their work, with the idea of de- 
veloping new applications that will tend to stabilize 
their business and make it more permanent. When it 
is considered that the ndscellaneous products are al- 
most endless in variety, it would seem that there is a 
continual opportunity for the application of cement and 
concrete. Many ornamental objects are already in de- 
mand, including park and garden lawn seats, fountains, 
sun-dials, bird-baths, pedestals for supporting a vari- 
ety of objects, vases, urns, and statuary. More com- 
monplace, but equally important, are the lawn-rollers, 
waste-incinerators, laundry-tubs, garbage-boxes, and 
numerous other cement products yet to be developed. 
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CHAPTER XXn 

CONGBETB ON THB FABM 

There are so many applications for concrete upon 
the farm that it is difficult to select the most impressive 
example ; but, since health is so essential, we will begin 
with a consideration of the concrete septic tank. This 
affords a central method of sewerage disposal wherever 
the advantages of a city or town sewerage system are 
not available. The concrete septic tank solves the prob- 
lem of disposal of house waste. While it is not in- 
tended that this be substituted for the modem sewer- 
age system, yet it is the best plan that has been pro- 
posed for use where such a system is not available. 

Such tanks are not difficult to build, nor are they ex- 
pensive, and when once in operation they require 
practically no maintenance or special attention. Con- 
crete is particularly well adapted to this application. 
The tank itself can be cast monolithic in place, and 
concrete slabs used to form a tight, substantial, strong 
cover. The principle upon which septic tanks operate 
is that of decomposition for the solids and semi-solids 
enter the first compartment from the house drain, and 
as they become liquified the liquid is discharged 
through a second and similar chamber, from which it 
siphons into a tile system, having open joints through 
which the liquid finds its way into the soil at such a 

2«8 
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distance from the house as to gaarantee absence of 
contamination in the domestic water supply. 

Once started, the septic tank is self-operating, and, 
being discharged at intervals from the siphon comimrt- 
ment, the tile line, which may also be of concrete, is 
constantly flushed, then emptied by leakage, and the soil 
is allowed to rest until the next discharge. This sys- 
tem of intermittent discharge keeps the soil from dog- 
ging and insures efficient disposition. 

The concrete fence-post already mentioned offers 
many advantages to the farm. It is fire-proof (an im- 
portant consideration along railways), will not rot or 
decay, and when properly made i)ossesses great 
strength. It may be made at home on the farm in com- 
mercial molds of metal, which last indefinitely, or in 
homemade molds built of lumber. Such homemade 
molds usually provide for a i>08t four inches square at 
the top, five inches square at the bottom, and seven 
feet in length. Sometimes a recess is provided for a 
block of wood into which to drive a staple for the wire 
fence, or a heavily galvanized staple is embedded at 
the time when the concrete is poured. 

There are various other methods of providing for 
the attachment of the fence, but one of the most popular 
is the use of an inserted strip of concrete of such com- 
position that staples may be driven directly into the 
post, or a series of holes of small diameter are cast 
into the post so that tie wires may be used in them. 
This makes it possible to adjust the height of the fence 
regardless of the depth to which the i>ost must be 
placed in the earth. Another method discards the at- 
taching of the fence permanently by any kind of special 
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f eatare, and uses what is known as the Western Union 
twisty this being the form of attachment used to tie 
wires to glass insulation. The wire is tied around the 
three sides of the post, and is made long enough for the 
ends that project beyond the post to be wrapped around 
the line wire. This simple method holds the fence 
well in place and disposes of any annoyance due to the 
uncertainty of special means of fastening. 

The placement of reinforcement in posts is an im- 
portant detail. Reinforcing rods must be placed at 
the points of greatest stress. It must be remembered 
that concrete, like stone, is very strong in bearing loads 
placed directly upon it, but will not stand great strains 
that tend to bend it or pull it apart. We rely upon 
the metal reinforcement to protect it in this regard. 
It is not enough to put a rod or piece of metal pipe 
in the post, because the strains upon it may come 
from any one of several directions as the result of 
numerous efforts to break the fence from every side 
or from sudden strains put upon it in a direction par- 
allel with the fence. Beinforcement in a square post 
should, therefore, be placed near the surface of the 
four comers — if the post is round, at the points in the 
concrete near the face that would correspond to the 
comers of a square; if the post is triangular, there 
should be a reinforcement bar in each comer. 

The usual precautions must be taken in properly pro- 
portioning, mixing, placing, and curing concrete. If 
wooden molds are used, they should be thoroughly wet 
before the post is poured, and have their surface 
treated to facilitate an easy removal of the finished 
product. The partially hardened concrete must not be 
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damaged when the molds are removed, and to this end 
it is well to design the molds so that only wedges are 
necessary to hold the parts together. Hammering to 
remove molds should be reduced to the minimum. 

Comer posts, end posts, and the posts used for gate- 
ways are usually cast in place to advantage. Whether 
80 made or oast in molds, they should be provided with 
braces unless the mass is so great and so thoroughly 
reinforced as to make bracing tmnecessary. Braces 
are usually more economical than any increases in the 
size of the post or the depth of its setting. Such brac- 
ing may be secured by a concrete beam running to the 
base of the next post, and this brace can be monolithic 
with the post or a separate unit pre-cast. Sometimes 
these braces take the appearance of wings, being cast 
solid to the ground with the comer post. There is a 
great strain upon a comer post, and it is essential that 
it does not become loosened. The bracing itself is 
often reinforced with small bars or with woven mesh. 

Attractive surface finish can be given to gate and 
comer posts by using special facing materials such as 
those mentioned in the chapter upon art in concrete. 
Oate-hinges can be embedded in the concrete at the 
time the post is constructed, or other devices for hang- 
ing the gate may be included in the design. It is not 
difficult to include some ornamental top in the design 
of the comer or gate post, and the unit may be finished 
to any extent deemed desirable by the owner. 

Tile for land drainage is always secured from a 
cement-products plant, for it must be machine-made to 
secure proper uniformity. The usual clay products 
tile has a porous wall, and it has been argued that such 
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tile is more eflScient in carrying away sorplns water 
than is the dense concrete units, whidi can admit water 
to the line only through the openings between the ends 
of the tile. Experience has proved, however, that land 
may be rapidly and thoroughly drained with concrete 
tile, which must be carefully laid, with the same atten- 
tion to essential details as in the use of any other 
drain-tile. These factors include the area to be 
drained; for, with other conditions the same, the tile 
must increase in size with the increase in area, and 
tile lines placed far apart naturally require a larger 
tile than one whose lines are nearer together. 

The fall or slope is another consideration, for where 
the water flows rapidly and the slope is steep, smaller 
tile will carry the same volume of water than where 
the slope is gradual Concrete tile-drains will oper- 
ate on a fall as little as half an inch in one hundred 
feet. But, where the gradient is so small, large tiles 
should be used and great care paid to their proper in- 
stallment. The effect of slope on the carrying capacity 
of different-sized tile is indicated by the fact that a 
four-inch tile will drain three acres of land when the 
fall in a hundred feet is only one and one quarter 
inches. This area increases to nine acres if the fall 
becomes six inches in one hundred feet, thirteen acres 
with a twelve-inch fall, and eighteen acres where the 
fall is twenty-four inches in one hundred feet. 

The texture of the soil is another consideration, for 
water quickly passes through porous sandy soil, and 
larger tile is required to carry the water than if a 
dense clay is being drained. It also affects the depth 
at which the tiles must be laid and the distance between 
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laterals; for, since the water can travel easily through 
sandy soil, sandy loam can have laterals one hundred 
feet apart ; but a dense, close clay makes it impossible 
to space them more than thirty or forty feet. Where 
the rainfall is heavy or where sudden rain-storms of 
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considerable magnitude are frequent, drainage must 
be designed to carry away the surplus water quickly, 
and large tile is required. 

The same-trenching machines and tools used in grad- 
ing the bottom of the ditch, preparing its sides, etc., 
are used in laying the concrete tile. The essentials 
of a good drain-tile aare met satisfactorily by concrete 
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in the particfulars that have been emphasized in refer- 
ence to concrete products. It is hardly necessary to 
urge suitable tile drainage in the present discussion, 
for the practical results have been dearly demonstrated 
in nearly every farming conununity and on a scientific 
basis by the various agricultural experiment stations 
and agricultural colleges. It is interesting to note that 
at the present time f anA products have reached a price 
level quite beyond -any advance in price in the cost of 
concrete tile. In 1914 a bushel of wheat would buy 
twenty-two feet of a given size of concrete drain-tile, 
while in 1919 a bushel of wheat would purchase forty- 
one linear feet of the same tile. 

In many localities improvements in the countryside 
have been concurrent with the increase in the number 
of silos. Largely through the research conducted by 
the agricultural experiment stations and the Federal 
Department of Agriculture, farmers have learned how 
to convert soft immature com into valuable feed for 
feeding many animals. Com in the silo is worth more 
to them than com in the crib. At the Indiana Experi- 
ment Station figures were compiled over an eight-year 
period, and the average showed that if com is selling 
for one dollar a bushel silage is worth $9.22 a ton as a 
food on the farm. If com is $1.25 a bushel, silage is 
worth $10.21, and if $1.50, $11.30 per ton. At the Mis- 
souri Experiment Station tests were made in 1918 
which showed that steers fed on silage without grain 
made almost three times the profit made by steers re- 
ceiving 16)4 pounds of shelled com a day with the 
silage, both lots of animals being sold in the same 
market. 
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The cases in favor of silage have been so thoroughly 
proved on a number of occasions that progressive 
farmers no longer require conversion. It is simply a 
question of how to erect the silo in which to keep the 
mafterial in the best possible condition for feeding. 

A siloi to keep silage in good condition, must be built 
so that the natural moisture in the silage will be re- 
tained. Air must be excluded, and the silage must be 
allowed to settle in a manner to prevent the forming 
of air-pockets. The silo must give its owner a long 
period of service at low cost, and must be wind-proof, 
vermin-proof, fire-proof, reasonable in first cost, and 
as free as possible from maintenance costs. To enable 
free settling to the utmost compactness, a cylindrical 
form has been found preferable. 

From these requirements it will be seen that, of all 
materials used, the concrete silo has the most points in 
its favor. The cylindrical form is most readily con- 
structed in concrete. It is a fire-proof structure, and 
its weight makes it so stable that no concrete silo has 
ever blown down. Its permanence is much in its favor, 
and, with the help of some one familiar with the proper 
mixing of and placing of concrete, no skilled labor is 
needed. The farm-hands can do practically all the 
work, and in most cases the only material that needs 
to be purchased by the farmer is the cement and rein- 
forcement. Homemade forms are frequently utilized, 
and complete specifications for the making of such 
forms, together with a list of materials required for 
concrete silos based upon the number of animals to be 
fed, are easily available through the firms offering 
cement for sale. 
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Beinforoement must, of oourse, be used, but it is 
simple to place and presents no difficulty even to the 
most inexperienced. Bound or square steel rods or 
some form of woven mesh vdre are usually used as 
hoops in the concrete, embedded in the center of the 
walL Ordinary woven wire fencing should not be used 
in the place of the steel mesh fabric that is specially 
made for this purpose. Vertical reinforcement is also 
needed in all monolithic concrete silos, and this con- 
sists of steel rods three-eighths or one-half inch in 
diameter, spaced thirty inches apart. The square 
twisted rod is usually preferred for this type of service, 
since the horizontal rods can be attached to them more 
securely. 

Where a monolithic structure is put up, the concrete 
is usually mixed by hand on a water-tight platform. 
This is usually constructed of two-inch planks, tongued 
and grooved so that the tight joints will prevent the 
cement being carried away by the leakage of mixing 
water. The sides are provided with a strip to prevent 
materials from being washed or carried away. Since 
proportioning the ingredients is an important part of 
the job, a measure-box is necessary. This is usually 
made to hold one cubic foot or four cubic feet, and in 
the latter case marks are made at proper levels to in- 
dicate one and two and one-half cubic feet. The mea- 
suring-box is bottomless, and is set on the mixing plat- 
form, where the required amount of sand or gravel is 
shoveled in. When the box is raised, this is spread in 
an even layer over the platform and the cement spread 
'""^^ ^i. The cement does not need to be measured, 
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sinoe it is pnt up in bags holding approximately one 
cabio foot. 

After the foundation has been laid and the first 
course of concrete has been placed, uprights are erected 
in the square holes provided in the inner frame to guide 
and support this inner form as it is raised course by 
course. These uprights must be carefully plumed after 
each layer, or the walls may not be truly vertical 
Each day the outside form is raised up within four 
inches of the top of the concrete last placed, the vertical 
reinforcing rods spliced if necessary, and the horizon- 
tal rods attached securely for the next course. Next 
the inner form is raised level and plumed, and the con- 
crete placed to fill the forms for that course. 

The concrete must be carefully spaded into the forms 
if a dense smooth wall is to be obtained, and a spad- 
ing tool may be made from a piece of thin board 
beveled at the end and shaped to provide a handle. 
This is used to work the pebbles or broken stone back 
from the form, so that the cement mortar may have an 
opportunity to form the dense smooth surface desired. 
Particular attention must be given to the inside of the 
wall, for there must be no obstructions to prevent the 
free settling of the silage. At the end of each day's 
work the top surface of the concrete forms must be 
roughened so that a good joint can be possible with 
the next day's course. Each morning, before placing 
the next course, the top of the walls must be washed 
with water and painted over with a mixture of Port- 
land cement and water having the consistency of thick 
cream. 
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Metal forms are on the marketi and in some com- 
munities farmers have found it to their advantage to 
purchase such forms for use in the conmiunity. These 
metal forms are easy to handle, can be used repeatedly, 
and are preferable to homemade forms. They are pro- 
vided with clamps for holding them firmly together, 
and, owing to the accuracy with which sections may be 
set, result in a smooth even silo wall. Such forms 
usually include scaffolding, jacks with which to raise 
them, and derricks for elevating the concrete. They, 
therefore, effect a saving of both time and labor. 

There are two other types of concrete silos. These 
are the block and the stave. Each of them, if properh 
built, give satisfaction and avoid the use of fonuF 
The blocks are curved so that when laid up the coure 
conforms to the curvature of the silo, and these block 
being made in simple machine molds, may be eithc 
homemade or purchased at the cement-products plai 
It generally pays to purchase the blocks from tho 
who are experienced in the handling of concrete a 
who are in a position to provide more homogeneov 
blocks of greater strength and better appearar 
One form of concrete block for silos has air-spaces, i 
is provided in the top with a groove to take reinfoi 
ment. The other type is solid, and has embedded i 
steel rods with hooked ends, so that each block cai 
securely fastened to the adjoining one. The best i 
ture for a block made by the wet process is one pa 
cement, two parts of sand, and three parts of peb 
And where the tamped block is made, one pai ^ 
cement is used to three parts of sand. . * \ 

In laying up the blodcs, great care must be ^ • 
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to get tight joints, the blocks being well cemented to- 
gether, putting them on about half an inch of a cement 
mortar composed of one part of cement to two parts 
of dean sand. Blocks should be arranged in each 
course, so that an even number of blocks or half blocks 
complete the circle. 

It is usually best to plaster the inside wall of the 
cement block silo, using cement mortar to secure a sur- 
face sufficiently smooth to allow the proper settling of 
the silage. Before plastering, the walls are thoroughly 
scrubbed, and should be wet when the plaster is ap- 
plied. 

Ease of construction and the rapidity with which 
concrete stave silos can be erected have made them 
popular in many communities. Many built from ten 
to fifteen years ago are still in a condition virtually 
as good as new. Four men are usually required to 
erect the stave silo, two working above, one to set 
the staves and the other to follow and plum them, 
while two men below hoist the staves and assist with 
the scaffolding. Common types of concrete silo staves 
are about thirty inches long, ten or twelve inches wide, 
and from two and a half to three inches in thickness. 
A considerable variety of methods is used to join the 
staves together, hut all types appear to produce air- 
tight and water-tight walls, which are absolutely essen- 
tial. 

A solid concrete foundation is first installed and the 
first coui^e of staves set upon it, alternating full-length 
with part-length staves so as to secure a breaking of 
joints. This breakage is maintained until the top row 
of staves has been put in place, when part-length staves 
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are again used to finish tlie strncture, A steel hoop is 
pnt on and tightened as each course of staves is placed 
in position. The inside wall is painted with a wash of 
cement and water, which fills the surface of the staves 
and assists in sealing the joints between adjoining 
staves, as well as providing a smooth, even, air-tight 
surface. 

There has been no difficulty in providing suitable 
door-frames of the continuous or other type in silos, 
the design varying slightly with the requirements. 

Water-tanks, cisterns, troughs, and many other con- 
crete structures find their place on the farm. They 
provide sanitary, cleanly structures which are dur- 
able, and can be placed with great facility wherever 
wanted. The temptation to use a run of bank gravel 
or sand must be put aside if the best possible struc- 
ture is to be erected. Feeding-troughs and watering- 
troughs are often built, with projections into the 
ground that serve as foundations if they rest upon 
well compacted soil, and this makes the use of a special 
sub-base unnecessary. In such cases the walls are 
started in a trench below ground, where forms are not 
usually required. And when the ground-level is 
reached the forms are set up. In the larger size, 
reinforcement in the shape of quarter-inch round rods 
bent in U shape are usually employed. 

It is very desirable to provide all watering-troughs 
or tanks and feeding-troughs in the barn-yard with a 
concrete pavement to avoid the transformation of the 
surroundings into an unsightly mud-hole. Tanks are 
often supplied with covers to prevent refuse from 
blowing into the water and fouling it. 



Digitized 



by Google 



CONCRETE ON THE FARM 275 

Another desirable application of concrete on the farm 
is in the building of milk-cooling tanks. These can 
be designed in a variety of ways, including partitions 
and baffles about which the water may flow from one 
compartment to another. The tank is usually con- 
structed with the bottom such a distance below the 
milk-room floor level as to make it easier to lift the 
cans into and from the tank, and the floor should have 
corrugations at least an inch in depth, so that there 
may be a free circulation of water beneath the cans. 
Such tanks are usually of a depth to permit the milk- 
can being surrounded by water up to the neck of the 
standard size. 

Silo forms are sometimes used to build a circular 
watering-tank, which can be provided with a concrete 
cover with wooden doors plac^ at intervals. 

Cisterns are preferably constructed with a filter, 
which may be above or below ground as desired. The 
filter has two compartments, one receiving the water 
that comes from the house gutters which enters by a 
six-inch tile set in ther wall. This first compartment is 
provided to allow any material that enters with the 
water to settle before the water flows to the second 
compartment, which contains the filter proper. A 
baffle-board is provided between the inlet of the water 
supply and the inlet into the filter apartment, so that 
any strong current will be broken and an opportunity 
given materials to settle. A sudden rush of water 
might also disturb the filter-beds and force a direct 
path through them, thus destroying their efficiency. 

The filtcnr compartment has a concrete slab cover, 
and is provided with a layer of sand and gravel, be- 
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neath which is a layer of charcoal raised on a per- 
forated slab of reinforced concrete. Such a perforated 
slab is made by setting tapered wooden pings into the 
concrete when it is soft, or by nailing snch pings on 
the bottom of the form. A filter of this simple type 
insnres dean water at all times, and the renewal of 
the filter-bed as may be needed is a comparatively 
simple matter. 

Snitable tanks for dipping animals are nsnally in- 
stalled of reinforced concrete, and npon many farms 
hog-wallows are also bnilt of concrete. It has been 
said that a hog wallows in the mnd, not with the idea 
of getting dirty, bnt in an effort to take a bath, and 
nses the mnd simply becanse his keepers do not pro- 
vide him with a snitable tnb. A concrete hog-wallow 
constitutes snch a tub, and not only adds to the com- 
fort of the hog, bnt insnres an opportunity to use 
medicated solutions with the water supply or to add 
oils of a germicide nature, which float upon the water 
and accomplish very desirable purposes. Comers in 
hog-wallows should be slightly rounded, so that the pool 
can be cleaned, and at one side the wall should be sloped 
and corrugated to provide a better foothold for the 
hogs when they enter and leave. If a concrete apron 
be provided it will be impossible for the hogs to root 
beneath the wallow. 

The circular wallows are structures easily built, 
using the silo form just as in the construction of the 
water-tank, and the corrugated runway is built at any 
convenient point. 

Another valuable concrete structure on the farm is 
the manure-pit, built with a sump, which tends to 
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conserve all of the fertilizing values in the manure. 
On some farms such concrete pits are covered, and are 
provided with a carrier which connects the pit with the 
stable. Such concrete pits are also screened to pre- 
vent them from becoming a breeding-place for flies 
and other insects. For convenience in packing manure 
into pits, the inside faces of the walls are usually sloped. 
In building large pits, one side is inclined and cor- 
rugated so that teams may be provided with a good 
footing when starting a heavily loaded wagon out 
of the pit. The liquid that gathers in the sump is 
pumped out and sprinkled on the land. 

Entire farm structures are often built of monolithic 
concrete or of concrete blocks, and all modem dairy 
bams are provided with concrete floors and drains, and 
some of them use concrete feeding-troughs with a view 
to facilitating the thorough and frequent cleaning. 
The use of concrete roadways in barn-yards is to be 
highly recommended, and on some farms it has been 
found economical to surface the entire barnyard with 
concrete. The barn-yard is no longer used solely as 
a place to concentrate the stock, but is considered a 
part of the farm work-room, and anything that will 
tend to leave its usefulness unimpaired at all seasons 
of the year, regardless of weather conditions, con- 
stitutes true economy and efficiency. Where stock is 
fed in the barn-yard the concrete constitutes a feed- 
ing-floor into which material will not be tramped and 
destroyed. 



Digitized 



by Google 



CHAPTEB XXTTT 

MILITABY AKD MISCELULNEOXTB USES 

In the World War cement and concrete had its first 
extensive trial as a material for military uses, and in 
virtually every instance proved itself equal to the 
emergeicy. There are two or three outstanding char- 
acteristics which make cement an invaluable material 
for such purposes. First, its quick setting and harden- 
ing is greatly in its favor ; second, its use involves the 
transportation of material in compact small units; 
third, when protected by a few feet of earth, concrete 
has been found better than brick or stone as a material 
for defense construction. Add to this the rapid place- 
ment of cement with the cement-gun or other mechani- 
cal device, and its ability to set under water, and it 
will be seen that, wherever strength and hardness are 
desirable, it perhaps has no equal for the uses of the 
military establishment. Besides all this, local ma- 
terials nearly always form the bulk of the structure. 

We are familiar with the so-called pill-box, which 
was an easily constructed protection for machine-guns, 
the use of concrete and cement in trenches and for the 
construction of underground compartments, which is 
now an old story. Many of the military roads in this 
country, as well as abroad, would have been out of the 
question but for the use of this ready-made materiaL 
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Our most extensive warehoases, docks, piers, and tem- 
porary buildings were of reinforced concrete, built 
hurriedly, but having such permanence as to fit them 
for a long period of service under peace conditions. 
It was found that reinforced concrete could be put up 
as cheaply as less desirable temporary buildings. One 
of the most spectacular uses of cement was in the at- 
tack upon Ostend and Zeebruge, where old war ves- 
sels filled with cement, were towed into place, and sunk. 
Under these conditions the water penetrating the mass 
caused it to set and to form an obstruction to incom- 
ing ships very difficult to remove. The repairs to ship 
hulls, often including considerable construction, were 
made with cement and concrete, and the concrete ship 
itself, described elsewhere, is really an outcome of 
military necessity, although certain small barges had 
been constructed of this material and successfully used 
previously. 

Cement was particularly useful in the housing of ex- 
plosives, for it was possible with it to quickly prepare 
a compartment for ammunition that would be water- 
tight, air-tight, and, when covered with earth, of a rea- 
sonably uniform temperature. When so covered, they 
also afforded ample protection and became the stand- 
ard structure for such purposes. Closely allied with 
this is the preparation of foundations for ordnance of 
various sizes, leading to a careful study of the quickly 
hardening cements to which reference has been made 
in another chapter. 

If the diverse requirements of war are considered, 
as well as the great variety of applications to which • 
cement lends itself, it will be seen without further 
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elaboration that it will be in the future one of the most 
important raw materials in time of war. In tiiis con- 
neotiouy it is well to redaVL that it was the cement-mill 
that contributed so much toward the relief of the potash 
shortage through the recovery of potassium salts from 
the dust in the eement kiln gases. 

Among the many miscellaneous items now built of 
concrete may be mentioned the hundreds of concrete 
chimneys in successful use through the world. These 
have withstood high winds and cydones, and have 
shown that the ideal material for chinmey construction, 
which must have strength to resist the bending and 
overturning effect of such winds, is to be found in the 
monolithic concrete chimney. These great reinforced 
structures are often required to stand high tempera- 
tures, the fumes of acids, and the corrosive influence of 
the products of combustion. In exceptional cases, as 
in some smelters, it has been thought desirable to pro- 
vide a lining, sometimes slightly separated from the 
stack walls to provide an air-space, and under such 
conditions insulation is provided to maintain stack 
temperatures, while at the same time the corrosive in- 
fluence of gases is avoided. To be sure, especial con- 
ditions require special study and treatments designed 
to facilitate the economical handling of strong acid 
fumes which cause very great damage at the point of 
condensation upon the walls. 

Several concrete chinmeys have been struck by light- 
ning, but have suffered no damage. At times they 
alone in a group of other structures have wit^tood the 
devastating influence of flres. They produce a good 
^^%ft, have not developed leaks through their walls, 
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Columns have also been similarly tested while subjected to fire, the 
majority of such tests having been made at the Bureau 
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are free from maintenance^ and if properly designed 
and constructed do not need to be insured. There is 
no other material that may be nsed so advantageously 
for high chimney construction and that permits of a 
design including so many of the actual factors of 
safety. The smooth interior offers no obstruction to 
the flow of the stack gases, and the heat losses in con- 
crete chinmeys are low. This is important in obtain- 
ing the stack draft. 

Unique methods are often employed in the construc- 
tion of concrete chimneys. An example is taken from 
San Francisco, where a tower was built through the 
center of the chimney and provided with an electric 
elevator for conveying the building materials. Upon 
the tower two outriggers were carried, and from the 
end of each outrigger the block and tackle required 
to handle the outside forms was suspended. The forms 
were three feet high, and there were five sets of forms 
in use. When the concrete was poured in one set of 
forms, the bottom form was removed and placed on 
top. Since only one set of forms were poured daily, 
this gave the concrete four days in which to set At 
the completion of the work it was a simple matter to 
take down the interior tower, bit by bit 

Concrete chimneys are of various dimensions, the 
tallest in the world being at Eagancseki, Japan. This 
chimney was built for a copper company, and with- 
stands frequent earthquakes. It has an inside di- 
ameter of twenty-three feet and three inches, and a 
height of five hundred aqd seventy feet 

Often there are parts of machinea so large as to be 
di£Scult to transport and set in place. This has tod 
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to the use of concrete parts for such huge machines as 
generators. With our present knowledge of aggre- 
gate-cement-water and the methods of combining them, 
it is possible not only to get uniform strength in all 
parts of a concrete structure, but also to produce 
duplications of that structure. We have also learned 
how to reinforce the concrete for various classes of 
work, and to obtain increased strength and density by 
the special preparation of the cement, as in using that 
of unusual fineness. This has led to experiments with 
concrete masses for the stator frame and thrust-bear- 
ing support of large size electric generators of hydro- 
electric installations where the vertical shaft operates 
at low speed. The use of concrete in place of metal for 
these parts introduced no problems of suitability or 
strength. Beaters in paper-mills have also been made 
in place with concrete. 

Ceilings have been made as good as new by pouring 
cement mortar or concrete from above, supporting the 
form upon the ceiling from the floor below. The 
largest initial letter is at Salt Lake City, where the 
initial U, one hundred feet by one hundred feet, was 
constructed by the university students. This is of con- 
crete. Cement mortar and such mortar with rein- 
forcement is essential in modem tree surgery. The 
daily press, as well as the technical press, constantly 
reminds us of the possibilities with this plastic strong 
material. And no discussion of what is done with it 
can be complete. It is tfad sort of thing that goes on 
and on, and its use really seems to be limited only by 
the skill and imagination of those who employ it The 
few instances pt uae that have been indicated paves the 



Digitized 



by Google 



MILITARY AND MISCELLANEOUS USES 283 

way for the flight of the imagination, and if there is 
something you would like to build of concrete, but have 
not yet been able to accomplish, let us resolve the prob- 
lem into its essential features and concentrate our 
efforts upon these component parts, solving them one 
by one. 

The futiere problems m concrete and cement con- 
struction would seem to concentrate about the ways of 
obtaining the* highest percentages of tri-calcium sili- 
cate in the cement and in reducing the items of labor 
and fueL The first problAn doubtless involves exten- 
sive research to find other materials from which cement 
can be made economically and satisfactorily, at the 
same time producing the highest quantity of tri-<»dcium 
silicate, upon which it depends for its setting pro- 
perties and strength. 

The cost of labor in ther production of cement has been 
greatly reduced hy the use of ingenuous mechanical 
devices at all stages in its manufacture. Labor costs 
in the placement of cement and concrete are constantly 
being reduced by design of forms, mixing and convey- 
ing machinery, and devices for such finishing opera- 
tions as cutting to grade and contour, and tamping. 
Reference has already been made to the advance in de- 
sign and construction of excavating and sub-grade pre- 
paring machinery. As far as economy in the use of 
fuels in the burning of cement is concerned, this is 
something that has already seriously engaged the at- 
tention of the leaders in cement manufacture. 

The vertical kiln is known to require less fuel, but it 
requires much more labor. Mr. Bobert W. Lesley, 
long known in cement fields, proposes that the gases 



Digitized 



by Google 



284 THE NEW STONE AGE 

derived from the distillation of ooal be used in the burn- 
ing of cement, rather than the powdered ooal itself, 
and that the by-products be recovered from such de- 
structive distillation of the fuel. He would go a step 
further, and grind coke derived from the distillation 
process, and bum it powdered in the kiln probably 
mixed with the raw materials, so that higher tempera- 
tures can be obtained in the mass itself. 

Another phase of the problem is the increase in the 
rate of reaction in the clinkering zone. The fuel prob- 
lem has always been before cement manufacturers, 
being perhaps the greatest single item of expense. 
A few plants have been favorably located, but in 1905 
only two plants could avail themselves of natural 
gas, while fifteen plants burned oil and eighty-four 
plants relied upon powdered coal. In 1914 the cement 
industry used 226,474 long tons of anthracite, 6,731,438 
short tons of bituminous coal, 20,072 tons of coke, 2,- 
502,065 barrels of fuel-oil and gasoline, and $5,525,894,- 
000 cubic feet of gas. These figures are applicable to 
the United States. The fuel problem is not peculiar to 
the cement industry, for many of our industrial ac- 
tivities depend upon reactions that go forward at high 
temperatures. Those concerned in the manufacture of 
cement will doubtless contribute the best they have 
toward the solution of the fuel question in general, but 
it stands as one of the difScultics that must be over- 
come if we are to continue expanding the use of so 
ideal a structural material as cement and its products. 
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